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IMIDAZOQUINOLESTYL, IMIDAZOPYRIDINYL, AND

IMIDAZONAPHTHYRIDINYL SULFONAMIDES

RELATED APPLICATIONS

5 The present invention claims priority to U.S. Provisional Application Serial No.

60/533465, filed December 30, 2003; U.S. Provisional Application Serial No. 60/555936,

filed March 24, 2004; and U.S. Provisional Application Serial No. 60/581335, filed June

18, 2004, all ofwhich are incorporated herein by reference.

1 o FIELD OF THE INVENTION

This invention relates to derivatives of imidazoquinoline, imidazopyridine, and

imidazonaphthyridine compounds and to pharmaceutical compositions containing the

compounds. A further aspect of this invention relates to the use of these compounds as

immunomodulators, for inducing cytokine biosynthesis in animals and in the treatment of

1 5 diseases including viral and neoplastic diseases.

BACKGROUND OF THE INVENTION

In the 1950's the 1i7-imidazo[4,5-c]quinoline ring system was developed, and 1-

(6-methoxy-8-quinolmyl)-2-methyl-lif-imidazo[4,5-c]quinoline was synthesized for

20 possible use as an antimalarial agent. Subsequently, syntheses of various substituted IH-

imidazo[4,5-c] quinolines were reported. For example, l-[2-(4-piperidyl)ethyl]-lff-

imidazo[4,5-c]quinoline was synthesized as a possible anticonvulsant and cardiovascular

agent. Also, several 2-oxoimidazo[4,5-c]quinolines have been reported.

Certain li7-imidazo[4,5-c]quinolin-4-amines and 1- and 2-substituted derivatives

25 thereofwere later found to be useful as antiviral agents, bronchodilators and

immunomodulators. Subsequently, certain substituted li/-imidazo[4,5-c] pyridine-

amine, quinolin-4-amine, tetrahydroquinolin-4-amine, naphthyridin-4-amine, and

tetraliydronaphthyridin-4-amine compounds as well as certain analogous thiazolo and

oxazolo compounds were synthesized and found to be useful as immune response

30 modifiers, rendering them useful in the treatment ofa variety of disorders.

1
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There continues to be interest in and a need for compounds that have the ability to

modulate the immune response, by induction of cytokine biosynthesis or other

mechanisms.

SUMMARY
The present invention provides a new class ofcompounds that are useful in

inducing cytokine biosynthesis in animals. Such compounds are ofthe following Formula

I:

and more specifically, compounds ofthe following Formulas la, lb, II, Ha, III, IV, V, VI,

Vn, Vm,IX,X, andXI:

(lb)
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(VII) (VIII) (IX)

wherein: Ku R", R2 , Ri , RA, Rb> Ras Rb% Ra, Rb, Rc, X\ n, and m are as defined below;

and pharmaceutical^ acceptable salts thereof.

The compounds ofFormulas I, la, lb, II, Ila, III, TV, V, VI, VII, VIII, IX, X, and

XI are useful, for example, as immune response modifiers (IRMs) due to their ability to

modulate cytokine biosynthesis (e.g., induce the biosynthesis or production of one or more

cytokines) and otherwise modulate the immune response when administered to animals.

Compounds can be tested, for example, using the test procedure described in the Examples

Section. Compounds can be tested for induction of cytokine biosynthesis by incubating

human PBMC in a culture with the compound(s) at a concentration range of 30 to 0.014

pM and analyzing for interferon (a) or tumor necrosis factor (a) in the culture supernatant.

The ability to modulate cytokine biosynthesis, for example, induce the biosynthesis of one

or more cytokines, makes the compounds useful in the treatment of a variety of conditions

such as viral diseases and neoplastic diseases, that are responsive to such changes in the

immune response.

In another aspect, the present invention provides pharmaceutical compositions

containing the immune response modifier compounds, and methods of inducing cytokine

biosynthesis in an animal, treating a viral disease in an animal, and treating a neoplastic

disease in an animal by administering an effective amount ofone or more compounds of
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Formulas I, la, lb, II, Ila, in, IV, V, VI, VII, VIII, IX, X, and XI and/or pharmaceutical^

acceptable salts thereof to the animal.

In another aspect, the invention provides methods of synthesizing compounds of

the Formulas I, la, lb, II, Ila, III, IV, V, VI, VII, VIII, IX, X, and XI and intermediates

5 useful in the synthesis of these compounds.

As used herein, "a," "an," "the," "at least one," and "one or more" are used

interchangeably.

The terms "comprising" and variations thereof do not have a limiting meaning

where these terms appear in the description and claims.

10 The above summary of the present invention is not intended to describe each

disclosed embodiment or every implementation of the present invention. The description

that follows more particularly exemplifies illustrative embodiments. Guidance is also

provided herein through lists of examples, which can be used in various combinations. In

each instance, the recited list serves only as a representative group and should not be

15 interpreted as an exclusive list.

20

DETAILED DESCRIPTION OF ILLUSTRATIVE

EMBODIMENTS OF THE INVENTION

The present invention provides compounds ofthe following Formula I:

NH 0

Nj6>k
° Nra a *iA o \

0)

and more specifically, compounds of the following Formulas la, lb, II, Ila, III, IV, V, VI,

VII, VIII, IX, X, and XI:

5
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5

10

(Ha)

6
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as well as intermediates ofthe following formulas XII, XIII, XIV, XV, XVI, and XVII:
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5

10

R
1

(XV)

8
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(XVI)

d
sYR/

(XVII)

wherein: Ru R", R2, Ri', RA, Rb, Ra-> Rb', R*, Rt>, Rc, X', n, and m are as defined below;

10 and pharmaceutically acceptable salts thereof.

In one embodiment, the present invention provides compounds of the following

Formula (I):

15

wherein:

X' is selected from the group consisting of-CH(R9)-, -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

9
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Ri and are independently selected from the group consisting of:

hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

hydroxy,

alkyl,

haloalkyl,

hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

or Ri and Ri ' can join together to form a ring of the formula:

A' is selected from the group consisting of -O-, -C(O)-, -CH2-, ~S(O)0-2-, -NCR4)-,

and -N(Q-R4)s

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

-N(R9)2 ,

A'

(CH2)b
^ .
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Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)- ?

-S(0)2-, -C(R6>N(R8)-W-, -S(0)2-N(R8>, -C(R<>)-0-, and -C(R6)-N(OR9>;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2-;

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

Rs is selected from the group consisting of=0 and =S;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

R" is hydrogen or a non-interfering substituent;

RA andRB are independently selected from the group consisting of:

hydrogen,

halogen,

alkyl,

alkenyl,

alkoxy,

alkylthio, and

-N(R9)2 ;

orRA and RB taken together form either a fused aryl ring that is unsubstituted or

substituted by one or more Ra groups, or a fused 5 to 7 membered saturated ring that is

unsubstituted or substituted by one or more Rc groups;

or RA and RB taken together form a fused heteroaryl or 5 to 7 membered saturated

ring, containing one heteroatom selected from the group consisting ofN and S, wherein

11
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the heteroaryl ring is unsubstituted or substituted by one or more Rb groups, and the 5 to 7

membered saturated ring is unsubstituted or substituted by one or more Rc groups;

Ra is selected from the group consisting of:

fluoro,

5 alkyl,

haloalkyl,

alkoxy, and

-N(R9)2 ;

Rb is selected from the group consisting of:

10 halogen,

hydroxy,

alkyl,

alkenyl,

haloalkyl,

15 alkoxy, and

-N(R9)2 ; and

Rc is selected from the group consisting of:

halogen,

hydroxy,

20 alkyl,

alkenyl,

haloalkyl,

alkoxy,

alkylthio, and

25 -N(R9)2 ;

or a pharmaceutically acceptable salt thereof.

In one embodiment, the present invention also provides compounds of the

following Formula (la):

12



WO 2005/066169 PCT/US2004/043447

NH2

R.

wherein:

X' is selected from the group consisting of-CH(R9)-, -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

Ri and Ri' are independently selected from the group consisting of:

hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

hydroxy,

alkyl,

haloalkyl,

hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

13
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arylsulfonyl,

alkylsulfonyl, and

-N(R9)2,

or Ri and Ri ' can join together to form a ring of the formula:

R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X- R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-o-,

-S(O)0-2-,

-S(0)2-N(Rs)-,

-C(R6)-,

-C(R6)-0-,

-0-C(R6)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8>,

-0-C(R6)-N(R8)-,

-C^-NCOR^-,

-C N-Q—
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-N-C(R6)-N-W-

—N— R7—N-Q—

—V-N

, and10

N-C(R6)-N

5 R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

{ arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

10 can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

15 oxo;

R5 is selected from the group consisting of:

r (CH2)a X f (CH2)a

-N-C(Re) -N-S(0)a _V-^ ^ -L N-C(R6)-N \

Rs is selected from the group consisting of=0 and ==S;

R7 is C2-7 alkylene;

20 R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

15
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A is selected from the group consisting of -O-, -C(0>, -CH2- 3 -S(O)0-2-, and

-N(R4>;

A ?
is selected from the group consisting of -O, -C(O)-, -CH2-, -S(O)0 -2-, -N(R4>,

and -N(Q-R4)-;

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-,

-S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(R8>, -C(R6)-0-, and -C(R6)-N(OR9>;

V is selected from the group consisting of-C(R6)-, ~0-C(R6)-, -N(R8)-C(R6)-, and

-S(0)2-;

W is selected from the group consisting of a bond, -C(0>
? and -S(0)2-;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

RA and RB are independently selected from the group consisting of:

hydrogen,

halogen,

alkyl,

alkenyl,

alkoxy,

alkylthio, and

»N(R9)2 ;

or RA and RB taken together form either a fused aryl ring that is unsubstituted or

substituted by one or more Ra groups, or a fused 5 to 7 membered saturated ring that is

unsubstituted or substituted by one or more Rc groups;

or Ra and RB taken together form a fused heteroaryl or 5 to 7 membered saturated

ring, containing one heteroatom selected from the group consisting ofN and S, wherein

the heteroaryl ring is unsubstituted or substituted by one or more Rb groups, and the 5 to 7

membered saturated ring is unsubstituted or substituted by one or more Rc groups;

Ra is selected from the group consisting of:

fluoro,

alkyl,

haloalkyl,

alkoxy, and

-N(R9)2 ;

Rb is selected from the group consisting of:

16
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halogen,

hydroxy,

alkyl,

alkenyl,

5 haloalkyl,

alkoxy, and

-N(R9)2 ; and

Rc is selected from the group consisting of:

halogen,

10 hydroxy,

alkyl,

alkenyl,

haloalkyl,

alkoxy,

15 alkylthio, and

-N(R9)2 ;

or a pharmaceutically acceptable salt thereof.

In one embodiment, the present invention also provides compounds of the

20 following Formula (lb):

• NH0

(Ib)

wherein:

X' is selected from the group consisting of -CH(R9>, ~CH(R9)-alkylene, and

25 -CH(R.9>alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

Ri and Rx
' are independently selected from the group consisting of:

hydrogen,

17
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alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

hydroxy,

alkyl,

haloalkyl,

hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

or Ri and Ri' can join together to form a ring of the formula:

^(CH2)a ^~7 A'

R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;

-N(R9)2j

18
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it is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-o-,

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6)-,

-C(Re)-0-,

-O-CCR*)-,

-0-C(0)-0-,

-N(R8)-Q-,

-CCR^-NCRg)-,

-0-C(R6)-N(Rg)-,

-C(R6)-N(OR9)-,

N-Q—
K10

-N-C(R6)-N-W-

—N—

R

7—ISI-Q—

-V-N

V
and

N-C(R6
)-N^

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

19



WO 2005/066169 PCT/US2004/043447

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

^(CH2)a^
^ A

WCH2)a ^ /—\ (
-N-C(Re) —N— S(0)2 -v-^ > -L N -C(R6)-N

Re is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3_g alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(O)0-2-, and

-NCR4)-;

A' is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(O)0-2-, -N(R4>,

and -N(Q-R4>;

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6K

-S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and -C(R6)-N(OR9)~;

V is selected from the group consisting of -C(R6)-, -0-C(R6)-, -N(R8)-C(R6)-, and

-S(0)2S

W is selected from the group consisting ofa bond, -C(O)-, and -S(0)2 ~;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

and

RA > and RB > are independently selected from the group consisting of:

hydrogen,

halogen,

20



WO 2005/066169 PCT/US2004/043447

alkyl,

alkenyl,

alkoxy,

alkylthio, and

-N(R9)2 ;

or a pharmaceutical^ acceptable salt thereof.

In one embodiment, the present invention also provides compounds of the

following Formula II:

wherein:

X' is selected from the group consisting of -CH(R9)-, -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

Ri and are independently selected from the group consisting of:

hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

NH

(H)
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hydroxy,

alkyl,

haloalkyl,

hydroxyalkyl,

5 alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

10 arylsulfonyl,

alkylsulfonyl, and

-N(R9)2,

or Ri and Ri' can join together to form a ring ofthe formula:

A1

15 R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X- R5 ;

20 X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

25 -O-,

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-0-,

30 -0-C(R6)-,

22



WO 2005/066169 PCT/US2004/043447

10

-0-C(0)-0-,

-N(Rs)-Q-,

-C(R6)-N(R8)-,

-0-C(Rc)-N(R8)-5

-C(R6)-N(OR9)-,

N-Q

—

p JK10

-N-C(R6)-N-W-

—N— R7—N-Q

—

R7
^

—V-N
V R

10 and

N-C(R6
)-N

R y v
Rio

"MO

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

15 heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

20 (dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:
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25

—N— C(R6)
N S(0)2 —v-j^T

<CH2)a ^
A

(CH2)b
—^ ^ v10

N-C(R6)~N ^
^ \cH2)b^

R6 is selected from the group consisting of=0 and -S;

R7 is C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

5 arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(O)0-2-, and

-N(R4)-;

10 A' is selected from the group consisting of -O-, -C(6)-, -CH2 -, -S(O)0-2-? -N(R4>-,

and -N(Q-R4>;

Q is selected from the group consisting of a bond, -C(R0)- ? -C(R6)-C(R6)-,

-S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -CW-O-., and ~C(R6)-N(OR9)-;

V is selected from the group consisting of -C(R6>, -0-C(R6)-, -N(Rg)-C(R6K and

15 -S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2-;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Ra is selected from the group consisting of fluoro, alkyl, haloalkyl, alkoxy, and

~N(R9)2 ; and

20 n is 0 to 4;

or a pharmaceutically acceptable salt thereof

In one embodiment, the present invention also provides compounds ofthe

following Formula Ila:

NH.

(Ra)n

(Ila)

wherein:
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X' is selected from the group consisting of -CH(R9)-, -CH(R9)-alkylene, and

-CH(Rc>)-alkenylene-; wherein the alkylene and alkenylene axe optionally interrupted with

one or more -O- groups;

R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-O-,

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6)-,

-CCRO-O-,

-0-C(R6)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8>,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

N-Q—
R JK10

N-C(R6)-N-W-

N— R7
—N-Q-
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-V-N

V Rl
°

, and

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

5 heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

10 nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

—N— S(0)2 _v-iQ \ -f- N-C(R6)-N \-N-C(Re) ~N-S(0)2 _V-Kl \ ~h N-C(R6)~N ^

R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

20 R9 is selected from the group consisting ofhydrogen and alkyl;
1

Rio is C3 .8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(O)0-2-, and

-N(R4)S

Q is selected from the group consisting of a bond, -C(R6)-> -C(R6)-C(R6>, -S(0)2-?

25 -C(R6)-N(R8)-W-, -S(0)2-N(Rg)-, -C(R6)-0-, and -C(R6)-N(OR9>;

V is selected from the group consisting of ~C(R6>, -0-C(R6> ? -N(R8)-C(R6)-, and
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-S(0)2-;

W is selected from the group consisting ofa bond, -C(0>, and -S(0)2S

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Ra is selected from the group consisting of fluoro, alkyl, haloalkyl, alkoxy, and

5 -N(R9)2 ; and

n is 0 to 4;

or a pharmaceutically acceptable salt thereof.

In one embodiment, the present invention also provides compounds of the

10 following Formula III:

NH
2

o \

R,

(III)

wherein:

15 X' is selected from the group consisting of -CH(R9)-? -CH^^-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

Ri and R2

5

are independently selected from the group consisting of:

hydrogen,

20 alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

25 heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

27



WO 2005/066169 PCT/US2004/043447

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

hydroxy,

alkyl,

haloalkyl,

hydroxyalkyl,

alkoxy,

haloalkoxy, s

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2 ,

or Ri and Ri ' can join together to form a ring of the formula:

R2 is selected from the group consisting of:

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

(CH2)b
-~^

.

-R4 9

-X-R4,

-X-Y-R4, and

-X-R5 ;

-S(0)o-2- 5

-S(0)2-N(R8K
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-C(R6>,

-C(R6)-0-,

-0-C(R6)-,

-0-C(0)-0-,

5 -N(R8)-Q-,

-C(R6>N(R8)-,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

_/T N-Q—

10

R, is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

15 arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyk wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

20 from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;
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R5 is selected from the group consisting of:

-N-C(Re) -N-S(0)2 -_v_,(,
A -X N-C(R6)-N \

R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

5 R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

A is selected from the group consisting of -O, -C(O)-, -CH2
-
? -S(O)0-2-, and

10 -N(R4>;

A' is selected from the group consisting of-O, -C(O)-, -CH2-, -S(O)0-2-, -N(R4>,

and -N(Q-R4)-;

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)- ?

-S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(R8K -C(R6)-0-, and -C(R6)-N(OR9)s

15 V is selected from the group consisting of-C(R6)- ? -0-C(R6)-, -N(R8)-C(R6)- ? and

-S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2s

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Rc is selected from the group consisting ofhalogen, hydroxy, alkyl, alkenyl,

20 haloalkyl, alkoxy, alkylthio, and -N(R9>2; and

n is 0 to 4;

or a pharmaceutically acceptable salt thereof.
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In other embodiments, the present invention also provides compounds of the

following Formulas IV, V, VI, and VII:

N

.N X ~S^/ 1

(RbXn
/7 ~N
O \

and

VI

VII

wherein:

X' is selected from the group consisting of-CH(R9)- ?
-CH(R9)-alkylene

5
and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

R 2
and Rf are independently selected from the group consisting of:

hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and
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alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

hydroxy,

alkyl,

haloalkyl,

hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2 ,

or Ri and Ri ' canjoin together to form a ring of the formula:

R2 is selected from the group consisting of:

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

A'

(CH2)b
^

-R4 ?

-X-R4,

-X-Y-R4, and

-X-R5;

-O-,

-S(O)0.2-5

-S(0)2-N(R8)-,
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-C(R6)-,

-C(R6)-0-,

-OC(R>)-,

-0-C(0)-0-,

-N(Rs)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8)-3

-C(R6)-N(OR9)-,

N-Q—
p ^

5

-N-C(Re)-N-W-

—N— R7—N-Q—

-V-N
V R

10
, and

N-C(R6
)-N

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;
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R5 is selected from the group consisting of:

-N-C(R6)
~N-S(0)2 -y-fjj \ -f

N-CO^-M A
(CH2),

, and

R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

5 Rg is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(O)0-2-, and

10 -N(R4>;

A5

is selected from the group consisting of -O-, -C(O)-, -CH2
-
? -S(O)0-2- ? -N(R4>,

and -N(Q-R4>-;

Q is selected from the group consisting of a bond, -C(R6)~> -C(R6)-C(R6)- ?

-S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(R8>, -C(R«KK and -C(R6)-N(OR9)-;

15 V is selected from the group consisting of -C(R6)- ?
-0-C(R6)-, -N(R8)-C(R6)-, and

-S(0)2S

W is selected from the group consisting of a bond, -C(0>, and -S(0)2-;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Rb is selected from the group consisting ofhalogen, hydroxy, alkyl, alkenyl,

20 haloalkyl, alkoxy, and -N(R9)2 ; and

m is 0 to 3;

or a pharmaceutically acceptable salt thereof.

In other embodiments, the present invention also provides compounds ofthe

25 following Formulas VIII, IX, X, and XI:
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XI

5 wherein:

X' is selected from the group consisting of -CH(R9)-, -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

Ri and Ri' are independently selected from the group consisting of:

10 hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

15 heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

20 heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

hydroxy,

alkyl,

haloalkyl,
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hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2 ,

or Ri and Ri ' can join together to form a ring of the formula:

R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-O-,

-S(O)0-2-,

-C(R6)-,

-C(R6)-0-,

-OC(R6)- 5

-0-C(0)-0- 5

-N(R8>Q~,

-C(R6)-N(R8)-3

(CH2 )b
^ .

-S(0)2-N(R8>,
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-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

N-Q

—

p JK10

-N-C(R6)-N-W-

—N— R7—N-Q—-N— R-N

^ R7
^

—V-N
10

, and

N-C(R6)-N

p J ^-RioK10

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, ahd heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

-N-C(R6)
-N-S(0)2 —v^Kl \ -h N-C(Re)-N A

, and

is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;
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R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

R10 is C3 -8 alkylene;

A is selected from the group consisting of -O-, -C(0)-, -CH2-, -S(O)0-2-, and

-N(R4>;

A' is selected from the group consisting of -O-, -0(0)-, -CH2-, -S(0)o-2 -, -NQ^)-,

and -N(Q-R4)s

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-,

-S(0)2-, -C(R6>N(R8)-W-5 -S(0)2-N(R8K -C(R6)-0-, and -C(R6)-N(OR9)-;

V is selected from the group consisting of -C(R6>, -0-C(R6)-, -N(R8>C(R<5)-, and

-S(0)2S

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2S

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Rc is selected from the group consisting ofhalogen, hydroxy, alkyl, alkenyl,

haloalkyl, alkoxy, alkylthio, and -N(R9)2 ; and

mis0to3;

or a pharmaceutically acceptable salt thereof.

In one embodiment, the present invention also provides intermediate compounds of

the following Formula XII:

X' is selected from the group consisting of-CH(R9)-, -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

R2 is selected from the group consisting of:

(XII)

wherein:
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-X-R4,

-X-Y-R4, and

-X- R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-o-,

-S(0)o-2-,

-S(0)2-N(Rg)-,

-C(R6)-,

-C(R6)-0-,

-0-C(R6)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(Rs)-,

-C(R6)-N(OR9)-,

-A N-Q—

V-N

10
, and
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N-C(R6
)-N

R J V Rio

Ra is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

-N~C(R6)
-N-S(0)2 -y.^ ^ -Z N-C(R6)~N ^V ,
V , VcH^ >md W W-^.

R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alk'ylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, arid

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rto is C3-8 alkylene;

A is selected from the group consisting of -O. -C(O)-, -CH2-, -S(Q)o~2-, and

-N(R4)s

Q is selected from the group consisting of a bond, -C(R6>, -C(R6)-C(R6)-, -S(0)2- 5

^C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and -C(R6)-N(OR9)-;

V is selected from the group consisting of-C(R6y, -OC(R6K -N(R8)~C(R6K and

^S(0)2s

W is selected from the group consisting of a bond, -C(O)-, and -S(0>2-;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;
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Ra is selected from the group consisting of fluoro, alkyl, haloalkyl, alkoxy, and

-N(R9)2; and

n is 0 to 4;

or a pharmaceutical^ acceptable salt thereof.

In one embodiment, the present invention also provides intermediate compounds of

the following Formula XIII:

X' is selected from the group consisting of-CH(R9)-, -CH(R9)-alkylene, and

-CH(R9)-alkenylene~; wherein the alkylene and alkenylene are optionally interrupted with

Ri and R^ are independently selected from the group consisting of:

hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

(XIII)

wherein:

one or more -O- groups;

hydroxy,

alkyl,
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haloalkyl,

hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2,

or Ri and Ri' can join together to form a ring ofthe formula:

A'

R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X- R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-0-,

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-0-,

-O-CCR5)-,

-0-C(0)-0-,

-N(R8)-Q-,
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-C(R6)-N(R8K

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

N-Q-

P JK10

-N-C<R6
)-N-W-

—N— R7—N-Q-

—V-N
V R10

, and

N-C(Re)-N

d J v Rio

5

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

-N-C(R5)
-N-S(0)2 _v-l<J \ -h N-C(R6)-N A

R6 is selected from the group consisting of=0 and =S;
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R7 is C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3.8 alkylene;

A is selected from the group consisting of -0-, -C(O)-, ~CH2-, -S(O)0-2-? and

-N(R4>;

A 5
is selected from the group consisting of-O, -C(O)-, -CH2-, -S(O)0-2-, -N(R4>5

and -N(Q-R4)-;

Q is selected from the group consisting of a bond, -C(R6)- 5 -C(R6)-C(R6)- ?

-S(0)2-, -C(R6)-N(R8>W-? -S(0)2-N(R8)-, -CCR^-O-, and -C(R6)-N(OR9)-;

V is selected from the group consisting of-C(R6)- ? -0-C(R6)-, -N(R8)-C(R6)-, and

W is selected from the group consisting of a bond, -C(0>7 and -S(0)2 -;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Ra is selected from the group consisting of fluoro, alkyl, haloalkyl, alkoxy, and -

N(R9)2 ; and

n is 0 to 4;

or a pharmaceutical^ acceptable salt thereof.

In one embodiment, the present invention also provides intermediate compounds of

the following Formula XIV:

X' is selected from the group consisting of -CH(R9)~ 3 -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

R2 is selected from the group consisting of:

-S(0)2S

(XIV)

wherein:
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-fU,

-X-IU,

-X-Y-R4, and

-X- R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-O-,

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-0-,

-0-C(R6)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8)-,

-0-C(R5)-N(R8)-,

-C(R6)-N(OR9)-,

J- N-Q—
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N-C(R6)-N

R J V
*ioK10

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

-N-C(R6)
-N-S(0)2 _V-|<, \ -f N-C(R6)-N ^

R6 is selected from the group consisting of=0 and =S;

R7 is C2>7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(O)0-2- ? and

-NCR4)-;

Q is selected from the group consisting of a bond, -C(R6)-? -C(R6)-C(R6>, -S(0)2-,

-C(R6)-N(R8)-W-, -S(0)2-N(RsK -C(R6)-0-, and -C(R6)-N(OR9)-;

V is selected from the group consisting of -C(R<s)-, -0-C(R6>-? ~N(R8)-C(R<5)- ? and

-S(0)2 -;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2-;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;
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Rb is selected from the group consisting ofhalogen, hydroxy, alkyl, alkenyl,

haloalkyl, alkoxy, and -N(R9)2; and

m is 0 to 3;

or a pharmaceutically acceptable salt thereof.

In one embodiment, the present invention also provides intermediate compounds of

the following Formula XV:

wherein:

X5
is selected from the group consisting of-CH(R9)-, -CH(R9)-alkylcne, and

-CH(R9>alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

Ri and Ri' are independently selected from the group consisting of:

hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylaikylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

O \

(XV)

hydroxy,

alkyl,

haloalkyl,
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hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2 ,

or Ri and Ri
5 can join together to form a ring of the formula:

^(CH2)a ^
-id a1

MCH2)b
-

3

R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-o-,

-S(0)o-2-,

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-0-,

-0-C(R6>,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8)-,
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-O-COR^-NCRs)-,

-C(R6)-N(OR9)-,

N-Q—
R JK10

-N-C(R6)-N-W-

N— R7—N-Q—N— R -N

—V-N
V RRl ° , and

N-C(R6)-N

p J v
RioK10

i

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

WCH2)a .
^(CH2)a -^

-N-C(R6)
-N~S(0)2 _v-|( \ -f

N-C(Re)-N A

R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

v(CH2)b
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Rg is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(0)o-2- s
and

-N(TU)-;

A' is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(0)o-2- ? -NXR4)-,

and -N(Q-R4)-;

Q is selected from the group consisting of a bond, -C(R6)- ? -C(R6)-C(R6K

-S(0)2~, -C(R6)-N(R8)-W-, -S(0)2-N(R«)-, -C(R6)-0-, and -C(R6)-N(OR9)-;

V is selected from the group consisting of -C(R6)- ? -0-C(R^K -N(R8)-C(R6)-, and

-S(0)2S

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2~;

a and b are independently integers from 1 to 6~with the proviso that a + b is < 7;

Rb is selected from the group consisting ofhalogen, hydroxy, alkyl, alkenyl,

haloalkyl, alkoxy, and -N(R9)2; and

mis 0 to 3;

or a pharmaceutical^ acceptable salt thereof.

In one embodiment, the present invention also provides intermediate compounds of

the following Formula XVI:

X' is selected from the group consisting of-CH(R9)-, -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

R2 is selected from the group consisting of:

(XVI)

wherein:
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-R4,

-X-R4,

-X-Y-R4, and

-X- R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-O-,

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-0-,

-OC(R6)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(Rs>,

-C(R6)-N(OR9)-,

-L N-Q—

—V-N
•10

, and
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N-C(R6
)-IS!^

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

-N-C(Re) -N-S(0)2 _v_,4 \ -L N-CfR^-N \

R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

Rg is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(0)-, -CH2-, -S(O)0-2- 5 and

-NCR,)-;

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)- 9 -S(0)2
-
5

-C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and -C(R6)-N(OR9)-;

V is selected from the group consisting of -C(R6>, ~0-C(R6)- 9 -N(R8)-C(R6>, and

-S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2 ~;
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a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

and

RA > and RB - are independently selected from the group consisting ofhydrogen,

halogen, alkyl, alkenyl, alkoxy, alkylthio, and -N(R9)2 ;

or a pharmaceutically acceptable salt thereof.

In one embodiment, the present invention also provides intermediate compounds of

the Formula XVII:

wherein:

X' is selected from the group consisting of -CH(R9)-, -CH(R9)~alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

Ra and Ri' are independently selected from the group consisting of:

hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

N-N

(XVII)
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hydroxy,

alkyl,

haloalkyl,

hydroxyalkyl,

5 alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

10 arylsulfonyl,

alkylsulfonyl, and

-N(R9)2 ,

or Ri and Rf can join together to form a ring ofthe formula:

^(CH2)a ^
A'

\CH2)b
-^ .

15 R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X- R5 ;

20 X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

25 -O-,

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-0-,

30 -0-C(R6)-,
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-0-C(0)-0,

-N(R8)-Q-,

-C(R6)-N(R8;k

-0-C(R6)-N(R8)-,

-C(R6>N(OR9>3

-L N-Q—

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl
5
alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:
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R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(0)-, -CH2
-

5 -S(O)0~2-, and

-N(R4)S

A' is selected from the group consisting of-O, -C(0>, -CH2-, -S(0)o-2-, -N(R4K

and-N(Q-R4)s

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)- 5

-S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-CK and -C(R6)-N(OR9>;

V is selected from the group consisting of-C(R6)-, -0-C(R6)-, -N(R8)-C(R6K and

-S(0)2S

W is selected from the group consisting of a bond, -C(0)- ?
and -S(0)2S

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

RA > and RB ' are independently selected from the group consisting ofhydrogen,

halogen, alkyl, alkenyl, alkoxy, alkylthio, and -N(Rt))2;

or a pharmaceutically acceptable salt thereof.

As used herein, the terms "alkyl," "alkenyl," "alkynyl" and the prefix "alk-" are

inclusive ofboth straight chain and branched chain groups and of cyclic groups, i.e.

cycloalkyl and cycloalkenyl. Unless otherwise specified, these groups contain from 1 to

20 carbon atoms, with alkenyl groups containing from 2 to 20 carbon atoms, and alkynyl

groups containing from 2 to 20 carbon atoms. In some embodiments, these groups have a

total of up to 10 carbon atoms, up to 8 carbon atoms, up to 6 carbon atoms, or up to 4

carbon atoms. Cyclic groups can be monocyclic or polycyclic and preferably have from 3

to 10 ring carbon atoms. Exemplary cyclic groups include cyclopropyl,
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cyclopropylmethyl, cyclopentyl, cyclohexyl, adamantyl, and substituted and unsubstituted

bornyl, norbornyl, and norbornenyl.

Unless otherwise specified, "alkylene," "alkenylene," and "alkynylene" are the

divalent forms of the "alkyl," "alkenyl," and "alkynyl" groups defined above. The terms,

5 "alkylenyl," "alkenylenyl," and "alkynylenyl" are use when "alkylene," "alkenylene," and

"alkynylene/
1

respectively, are substituted. For example, an arylalkylenyl group

comprises an alkylene moiety to which an aryl group is attached.

The term "haloalkyl" is inclusive of groups that are substituted by one or more

halogen atoms, including perfluorinated groups. This is also true of other groups that

10 include the prefix "halo-.
11 Examples of suitable haloalkyl groups are chloromethyl,

trifluoromethyl, and the like.

The term "aryl" as used herein includes carbocyclic aromatic rings or ring systems.

Examples of aryl groups include phenyl, naphthyl, biphenyl, fluorenyl and indenyl.

Unless otherwise indicated, the term "heteroatom" refers to the atoms O, S, or N.

1 5 The term "heteroaryl" includes aromatic rings or ring systems that contain at least

one ring heteroatom (e.g., O, S, N). Suitable heteroaryl groups include fiiryl, thdenyl,

pyridyl, quinolinyl, isoquinolinyl, indolyl, isoindolyl, triazolyl, pyrrolyl, tetrazolyl,

imidazolyl, pyrazolyl, oxazolyl, thiazolyl, benzofiiranyl, benzothiophenyl, carbazolyl,

benzoxazolyl, pyrimidinyl, benzimidazolyl, quinoxalinyl, benzothiazolyl, naphthyridinyl,

20 isoxazolyl isothiazolyl, purinyl, quinazoUnyl, pyrazinyl, 1-oxidopyridyl, pyridazinyl,

triazinyl, tetrazinyl, oxadiazolyl, thiadiazolyl, and so on.

The term "heterocyclyl" includes non-aromatic rings or ring systems that contain at

least one ring heteroatom (e.g., O, S, N) and includes all ofthe fully saturated and partially

unsaturated derivatives of the above mentioned heteroaryl groups. Exemplary

25 heterocyclic groups include pyrrolidinyl, tetrahydrofuranyl, morpholinyl, thiomorpholinyl,

piperidinyl, piperazinyl, thiazolidinyl, imidazolidinyl, isothiazolidinyl, tetrahydropyranyl,

quinuclidinyl, homopiperidinyl (azepanyl), homopiperazinyl (diazepanyl), 1,3-dioxolanyl,

aziridinyl, dihydroisoquinolin-(liy)-yl, octahydroisoquinolin-(li?)-yl, dihydroquinolin-

(2#)-yl, octahydroquinolin-(2i?)-yl, dihydro-l#-imidazolyl, and the like. When

30 "heterocyclyl" contains a nitrogen atom, the point of attachment of the heterocyclyl group

may be the nitrogen atom.
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The terms "arylene," "heteroarylene," and "heterocyclylene" are the divalent forms

of the "aryl," "heteroaryl," and "heterocyclyl" groups defined above. The terms,

"arylenyl," "heteroarylenyl," and "heterocyclylenyl" are used when "arylene,"

"heteroarylene," and "heterocyclylene/
1 respectively, are substituted. For example, an

5 alkylarylenyl group comprises an arylene moiety to which an alkyl group is attached.

The invention is inclusive of the compounds and salts thereof, described herein in

any oftheir phannaceutically acceptable forms, including isomers (e.g., diastereomers and

enantiomers), solvates, polymorphs, and the like. In particular, if a compound is optically

active, the invention specifically includes each of the compound's enantiomers as well as

1 0 racemic mixtures of the enantiomers.

Herein, "non-interfering" means that the ability ofthe compound or salt, which

includes a non-interfering substituent, to modulate (e.g., induce or inhibit) the biosynthesis

of one or more cytokines is not destroyed by the non-interfering substituted. For certain

embodiments, R" is hydrogen or a non-interfering substituent. Illustrative non-interfering

1 5 R" groups include those described herein forR2 .

When a group (or substituent or variable) is present more than once in any Formula

described herein, each group (or substituent or variable) is independently selected, whether

explicitly stated or not. For example, for the formula -N(R<))2 each R9 group is

independently selected. In another example, when anR2 and an A' group both contain an

20 R4 group, each R4 group is independently selected.

The invention is inclusive of the compounds described herein in any of their

pharmaceutically acceptable forms, including isomers (e.g., diastereomers and

enantiomers), salts, solvates, polymorphs, and the like. In particular, if a compound is

optically active, the invention specifically includes each of the compound's enantiomers as

25 well as racemic mixtures of the enantiomers. It should be understood that the term

"compound" includes any or all of such forms, whether explicitly stated or not (although at

times, "salts" are explicitly stated).

For any of the compounds presented herein, each one of the following variables

(e.g., wherein: Ri, R", R2 , Ri' 5 Ra, Rb, Ra% Rbs Ra, Rb, Rc, X', n?
m, and so on) in any of

30 its embodiments can be combined with any one or more of the other variables in any of

their embodiments and associated with any one of the formulas described herein, as would
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be understood by one of skill in the art. Each of the resulting combinations ofvariables is

an embodiment of the present invention.

For certain embodiments, R" is hydrogen or a non-interfering substituent.

5 For certain embodiments, Ri and Ri' are independently selected from the group

consisting of: hydrogen, alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl,

heteroarylalkylenyl, heterocyclyl, heterocyclylalkylenyl, and alkyl, alkenyl, aryl,

arylalkylenyl, heteroaryl, heteroarylalkylenyl, heterocyclyl, or heterocyclylalkylenyl,

substituted by one or more substituents selected from the group consisting of: hydroxy,

1 0 alkyl, haloalkyl, hydroxyalkyl, alkoxy, haloalkoxy, halogen, cyano, nitro, amino,

alkylamino, dialkylamino, arylsulfonyl, and alkylsulfonyl.

For certain embodiments (particularly embodiments ofFormulas I, la, lb, II, III,

W, V, VI, Vn, VIII, IX, X, and XI), Ri and Ri' are independently selected from the group

consisting of: hydrogen, alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

1 5 heterocyclyl, heterocyclylalkylenyl, and alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl,

heteroarylalkylenyl, heterocyclyl, or heterocyclylalkylenyl, substituted by one or more

substituents selected from the group consisting of: hydroxy, alkyl, haloalkyl,

hydroxyalkyl, alkoxy, haloalkoxy, halogen, cyano, nitro, arylsulfonyl, alkylsulfonyl, and

-N(R9)2 .

20 For certain embodiments (particularly embodiments ofFormulas I, la, lb, II, III,

IV, V, VI, VII, VIE, IX, X, and XI), Ri is selected from the group consisting of hydrogen,

alkyl, aryl, substituted aryl, arylalkylenyl, substituted arylalkylenyl, and heteroaryl.

For certain embodiments (particularly embodiments ofFormulas I, la, lb, II, III,

IV, V, VI, VII, VIII, IX, X, and XI), Ri is selected from the group consisting of hydrogen,

25 methyl, ethyl, propyl, butyl, cyclohexyl, phenyl, 4-methoxyphenyl, benzyl, 4-

methoxybenzyl, 2-pyridyl, and 3-pyridyl.

For certain embodiments (particularly embodiments ofFormulas I, la, lb, II, III,

IV, V, VI, VII, VIII, IX, X, and XI), Ri is selected from the group consisting ofhydrogen,

methyl, ethyl, propyl, butyl, cyclohexyl, phenyl, 4-chlorophenyl, 4-fluorophenyl, 4-

30 methoxyphenyl, benzyl, 4-methoxybenzyl, 2-pyridyl, and 3-pyridyl.
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For certain embodiments (particularly embodiments ofFormulas I, la, lb, H, III,

IV, V, VI, VII, VIII, IX, X, and XI), Ri is selected from the group consisting ofhydrogen,

methyl, and isopropyl.

For certain embodiments (particularly embodiments ofFormulas I, la, lb, II, III,

5 rv, V, VI, VII, VIII, IX, X, and XI), Ri
9
is hydrogen or alkyl.

For some embodiments (particularly embodiments ofFormulas I, la, Ib
? II, III, IV,

V, VI, VII, Vni, IX, X, and XI), Rf is hydrogen or methyl.

For certain embodiments, Ri and Ri ' can join together to form a ring of the

formula:

^(CH2)a ^
T A"

io
\oH2)b

-y

For certain embodiments, Ri and Ri' can join together to form a ring ofthe

formula:

A'

(CH2)b
—/

wherein A' is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(0)o-2-, -N(R0-,

15 and -N(Q-R4>.

For certain embodiments (particularly embodiments ofFormulas I, la, lb, II, III,

, V, VI, VII, Vm, DC, X, and XI), Ri and Rx
' can join together to form a ring oftherv

formula:

^(CH2)a ^
-*[ A'

HCH2)b
-^

20 wherein A' is selected from the group consisting of -O-, -CH2-, -NRt-, and -NCQ-Rt)--

For certain embodiments (particularly embodiments ofFormulas I, la, lb, 11, III,

IV, V, VI, VII, VIII, EX, X, and XI), Rx and Ri' join together to form a morpholine ring.

For certain embodiments (particularly embodiments ofFormulas I, la, lb, III, IV,

V, VI, VII, VIII, IX, X, and XI), Ri and Ri' are both hydrogen.

25 For certain embodiments, R2 is selected from the group consisting of: -R4, -X-R4,

-X-Y-R4, and-X-R5 .
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Fox certain embodiments (particularly embodiments ofFormulas la, lb, II, Ha, III,

IV, V, VI, VII, VIII, IX, X, and XI), R2 is selected from the group consisting ofhydrogen,

alkoxyalkylenyl, -R4, -X-R4, and -X-Y-R4.

For certain embodiments (particularly embodiments ofFormulas la, lb, II, Ha, III,

5 IV, V, VI, VII, VIII, IX, X, and XI) , R2 is selected from the group consisting ofhydrogen,

alkoxyalkylenyl, hydroxyalkylenyl, -R*, -X-R4, and -X-Y-R4.

For certain embodiments (particularly embodiments ofFormulas la, lb, II, Ha, III,

IV, V, VI, VII, Vin, IX, X, and XI), R2 is selected from the group consisting ofhydrogen,

alkoxyalkylenyl, -R4, -X-R4, and -X-Y-R4, wherein X is C1-2 alkyl; Y is -S(O)0-2-,

10 -S(0)2-N(R8)-, -C(R6)-, -C(R6)-0-, -OC^)-, -0-C(0)-CK -N(R8)-Q-, -C(R6)-N(R8K
~0-C(R6)-N(R8)-, or -C(R5)-N(OR9)-; and R4 is alkyl.

For certain embodiments (particularly embodiments ofFormulas la, lb, n, Ha, III,

IV, V, VI, VII, VIII, IX, X, and XI), R2 is selected from the group consisting ofhydrogen,

alkyl, alkoxyalkylenyl, hydroxyalkylenyl, and -X-R4 and -X-Y-R4, whereinX is C1-2 alkyl;

15 Y is -S(O)0-2-, -S(0)2-N(R8)- 5 -C(R6)-, -C(R6)-0, -0-C(R6)-, -0-C(0)-0-, -N(R8)-Q-,

-C(R6>N(R8)-, -0-C(R6)-N(R8)-, or -C(R6)-N(OR9)s and R4 is alkyl.

For certain embodiments (particularly embodiments ofFormulas la, lb, II, Ha, III,

IV, V, VI, VII, VIII, IX, X, and XI), R2 is selected from the group consisting of hydrogen,

C1-4 alkyl, Cm alkyl-0-CM alkylenyl, and HO-C1-3 alkylenyl.

20 For certain embodiments (particularly embodiments ofFormulas la, lb, II, Ha, III,

IV, V, VI, VII, VIII, IX, X, and XI), R2 is selected from the group consisting ofhydrogen,

C1-4 alkyl, and Cm alkyl-O-CM alkylenyl.

For certain embodiments, R2 is selected from the group consisting ofhydrogen,

alkyl, and alkoxyalkylenyl.

25 For certain embodiments, R2 is selected from the group consisting ofhydrogen,

methyl, ethyl, n-propyl, rc-butyl, hydroxymethyl, 2-hydroxyethyl, ethoxymethyl, and

2-methoxyethyL

For certain embodiments, R2 is selected from the group consisting ofmethyl, ethyl,

n-propyl, rc-butyl, hydroxymethyl, 2-hydroxyethyl, ethoxymethyl, and 2-methoxyethyl.

30 For certain embodiments, R2 is selected from the group consisting ofmethyl, ethyl,

propyl, butyl, ethoxymethyl, and 2-methoxyethyL
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For certain embodiments, R4 is selected from the group consisting ofhydrogen,

alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl,

wherein the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl,

5 heteroaryl, heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and

hetero\yclyl groups can be unsubstituted or substituted by one or more substituents

independently selected from the group consisting of alkyl, alkoxy, hydroxyalkyl,

haloalkyl, haloalkoxy, halogen, nitro, hydroxy, mercapto, cyano, aryl, aryloxy,

arylalkylenyloxy, heteroaryl, heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino,

10 alkylamino, dialkylamino, (dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl,

alkynyl, and heterocyclyl, oxo.

For certain embodiments (particularly embodiments ofFormulas la, lb, II, Ila, III,

W, V, VI, VII, VIII, IX, X, and XI), R4 is alkyl.

For certain embodiments, R5 is selected from the group consisting of:

-N-C(Re) -N-S(0)2 _V-,( \ -f
N-C(R6)-N A

For certain embodiments, R$ is selected from the group consisting of=0 and =S.

For certain embodiments, R7 is C2-7 alkylene.

For certain embodiments, R8 is selected from the group consisting ofhydrogen,

alkyl, alkoxyalkylenyl, and arylalkylenyl.

20 For certain embodiments, R9 is selected from the group consisting of hydrogen and

alkyl.

For certain embodiments, Rio is C3-8 alkylene.

For certain embodiments, Ra andRB are independently selected from the group

consisting ofhydrogen, halogen, alkyl, alkenyl, alkoxy, alkylthio, and -N(R9)2-

25 For certain embodiments, Ra and RB taken together form either a fused aryl ring

that is unsubstituted or substituted by one or more Ra groups, or a fused 5 to 7 membered

saturated ring that is unsubstituted or substituted by one or more Rc groups.

For certain embodiments, Ra and Rb taken together form a fused heteroaryl or 5 to

7 membered saturated ring, containing one heteroatom selected from the group consisting

30 ofN and S, wherein the heteroaryl ring is unsubstituted or substituted by one or more Rb
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groups, and the 5 to 7 membered saturated ring is unsubstituted or substituted by one or

more Rc groups.

For certain embodiments, RA and RB are independently selected from the group

consisting of hydrogen and Cm alkyl.

5 For certain embodiments, Ra- andRB > are independently selected from the group

consisting ofhydrogen, halogen, alkyl, alkenyl, alkoxy, alkylthio, and -N(R9)2-

For certain embodiments, Ra' and Rb< are independently selected from the group

consisting ofhydrogen and Cm alkyl.

For certain embodiments, Ra and RB ' are both methyl.

10 For certain embodiments, Ra is selected from the group consisting of alkyl, alkoxy,

hydroxy, fluoro, trifluoromethyl, amino, alkylamino, and dialkylamino.

For certain embodiments, Ra is selected from the group consisting of fluoro, alkyl,

haloalkyl, alkoxy, and -N(R9)2 ..

For certain embodiments, Rb is selected from the group consisting ofhalogen,

15 hydroxy, alkyl, alkenyl, haloalkyl, alkoxy, and -N(R9)2.

For certain embodiments, Rc is selected from the group consisting ofhalogen,

hydroxy, alkyl, alkenyl, haloalkyl, alkoxy, alkylthio, amino, alkylamino, and

dialkylamino.

For certain embodiments, Rc is selected from the group consisting ofhalogen,

20 hydroxy, alkyl, alkenyl, haloalkyl, alkoxy, alkylthio, and -N(R9)2 .

For certain embodiments, A is selected from the group consisting of -O-, -C(0)-,

-CH2-, -S(0)o-2-, and -N(R4>.

For certain embodiments, A' is selected from the group consisting of -O-, -C(O)-,

-CH2-, -S(O)0-2~, -N(R4>, and -N(Q-R4>.

25 For certain embodiments, A' is selected from the group consisting of -CK -CH2-,

-N(R4>, and-N(Q-R4)-<

For certain embodiments, Q is selected from the group consisting of a bond,

-C(R6)-, ~C(R6)-C(R6K -S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(R8K -C(R6)-0-, and

-C(R6)-N(OR9;k

30 For certain embodiments, V is selected from the group consisting of -C(R6)-,

-0-C(R6K -N(R8)-C(R6)-, and -S(0)2 -.
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For certain embodiments, W is selected from the group consisting of a bond,

-C(O)-, and -S(0)2-i

For certain embodiments, X is selected from the group consisting of alkylene,

alkenylene, alkynylene, arylene, heteroarylene, and heterocyclylene, wherein the alkylene,

5 alkenylene, and alkynylene groups can be optionally interrupted or terminated with

arylene, heteroarylene, or heterocyclylene, and optionally interrupted by one or more -O-

groups.

For certain embodiment (particularly embodiments ofFormulas la, lb, II, Ila, III,

IV, V, VI, VII, VIII, IX, X, and XI), X is d-2 alkylene.

10 For certain embodiments, X' is selected from the group consisting of-CH(R9)-,

-CH(R9)-alkylene, and -CH(R9)-alkenylene-; wherein the alkylene and alkenylene are

optionally interrupted with one or more -O- groups.

For certain embodiments, X' is alkylene or alkenylene each ofwhich may be

optionally interrupted by one or more -O- groups.

15 For certain embodiments (particularly embodiments ofFormulas I, la, lb, II, III,

IV, V, VI, VII, VIII, IX, X, and XI), X' is -(CH2)2^-0-(CH2)2-4-.

For certain embodiments (particularly embodiments ofFormulas I, la, lb, II, III,

IV, V, VI, VII, VIII, IX, X, and XI), X' is -(CH2)i-7-.

For certain embodiments (particularly embodiments ofFormulas I, la, lb, II, III,

20 IV, V, VI, VII, VIII, IX, X, and XI), X' is -(CH2)2-, -(CH2)3 -, -(CH2)4-> -(CH2)5-, or

-CH2C(CH3)2CH2-. \

For certain embodiments (particularly embodiments ofFormulas I, la, lb, II, III,

IV, V, VI, VII, VIII, IX, X, and XI), X' is -(CH2)-C(CH3)2
-.

For certain embodiments, Y is selected from the group consisting of: -O-, -S(0)o-2- 9

25 -S(0)2-N(R8)-, -C(R6)-, -C(R6)-0-, -0-C(R6)-, -0-C(0)-0-, -N(R8)-Q-, -C(R6)-N(R8)-, -O-

C(R6)-N(R8)-, -C(R6)-N(OR9)-,
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For certain embodiments, Y is selected from the group consisting of: -S(O)0-2-,

-S(0)2-N(R8)-, -C(Rs)-, -C(R6)-0-, -O-CORe)-, -0-C(0)-0-, -N(R8)-Q-, -C(R6)-N(R8)-,

-0-C(R6)-N(R8)-, -C(R6)-N(OR9)-,

For certain embodiment (particularly embodiments ofFormulas la, lb, II, Ha, III,

IV, V, VI, VII, VIII, IX, X, and XI), Y is -S(0)o-2-, -S(0)2-N(R8)-, -CCRe)-, -C^-O-,

-0-C(R6>, -0-C(0)-0,-N(R8)-Q-, -C(R6)-N(R8)-, -0-C(R6)-N(R8)-, or -C(R6)-N(OR9)-.

For certain embodiments, a and b are independently integers from 1 to 6 with the

proviso that a + b is < 7.

For certain embodiments, mis 0 to 3. For certain embodiments (particularly

embodiments ofFormulas IV, V, VI, VII, VIII, IX, X, and XI), m is 0.

For certain embodiments, n is 0 to 4. For certain embodiments, n is 0 to 3. For

certain embodiments (particularly embodiments ofFormulas II, Ha, and III), n is 0.

For certain embodiments (particularly embodiments ofFormulas I, la, lb, II, III,

IV, V, VI, VII, VIII, IX, X, and XI), Ri ' is hydrogen or alkyl, and Ri is selected from the

group consisting ofhydrogen, alkyl, aryl, substituted aryl, arylalkylenyl, substituted

arylalkylenyl, and heteroaryl.

For some embodiments (particularly embodiments ofFormulas I, la, lb, II, III, IV,

V, VI, VH, VIII, IX, X, and XI), Ri' is hydrogen or methyl, and Ri is selected from the

group consisting of hydrogen, methyl, ethyl, propyl, butyl, cyclohexyl, phenyl, 4-

chlorophenyl, 4-fluorophenyl, 4-methoxyphenyl, benzyl, 4-methoxybenzyl, 2-pyridyl, and

3-pyridyl.

For some embodiments (particularly embodiments ofFormulas I, la, lb, II, III, IV,

V, VI, VII, VIII, IX, X, and XI), Ri' is hydrogen or methyl, and Ri is selected from the
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group consisting of hydrogen, methyl, ethyl, propyl, butyl, cyclohexyl, phenyl, 4-

methoxyphenyl, benzyl, 4-methoxybenzyl, 2-pyridyl, and 3-pyridyl.

Preparation of the Compounds

5 Compounds of the invention can be prepared according to Reaction Scheme I,

wherein Ra , Ri, Ri% R2, X% and n are as defined above.

In step (1) ofReaction Scheme I, an amine ofFormula HO-X ?-NH2 is added to a 4-

chloro-3-nitroquinoline ofFormula XX to provide a hydroxy-substituted 3-nitroquinolin-

4-amine ofFormula XXI. The reaction is conveniently carried out by combining an amine

10 ofFormula HO-X 5-NH2 with a quinoline ofFormula XX in the presence of a base such as

triethylamine in a suitable solvent such as dichloromethane. The reaction can be carried

out at ambient temperature, and the product can be isolated using conventional methods.

Some amines ofFormula HO-X?-NH2 , such as 4-aminobutanol, are commercially

available; others can be prepared by known synthetic methods. Compounds ofFormula

1 5 XX are known and can be prepared according to known methods. See, for example, U.S.

Patent Nos. 4,689,338; 4,929,624; 5,268,376; 5,346,905; 5,389,640; and 5,756,747.

In step (2) ofReaction Scheme I, the hydroxy group of a 3-nitroquinohn-4-amine

ofFormula XXI is chlorinated using conventional methods to provide a 3-nitroquinolin-4-

amine ofFormula XXII. The chlorination is conveniently carried out by adding thionyl

20 chloride to a solution of the 3-nitroquinolin-4-amine ofFormula XXI in a suitable solvent

such as dichloromethane. The reaction can be carried out at sub-ambient temperatures,

such as 0°C, or at ambient temperature, and the product can be isolated using conventional

methods.

In step (3) of Reaction Scheme I, a 3-nitroquinolin-4-amine ofFormula XXII is

25 reduced to provide a quinoline-3,4-diamine ofFormula XXIII. The reduction of the nitro

group is conveniently carried out by adding an aqueous solution ofsodium dithionite to a

3-nitroquinoIin-4-amine ofFormula XXII in a suitable solvent such as ethanol or a

mixture of acetonitrile and ethanol. The reaction can be carried out at ambient

temperature, and the product can be isolated by conventional methods.

30 Alternatively, step (3) can be carried out by hydrogenation in the presence of a

heterogeneous hydrogenation catalyst, such as palladium on carbon or platinum on carbon.

The reaction can be conveniently carried out on a Parr apparatus in a suitable solvent such
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as acetonitrile, ethyl acetate, toluene, or ethanol. The product can be isolated by

conventional methods.

In step (4) ofReaction Scheme I, a quinoline-3,4-diamine ofFormula XXIII is

treated with a carboxylic acid equivalent to provide a l#-imidazo[4,5-c]quinoline of

5 Formula XXIV. Suitable carboxylic acid equivalents include orthoesters ofFormula

R2C(0~alkyl)3 ,
1,1-dialkoxyalkyl alkanoates ofFormula R2C(0-alkyl)2(0-C(0)-alkyl)?

and acid chlorides ofFormula R2C(0)C1. The selection of the carboxylic acid equivalent

is determined by the desired substituent at R2 . For example, triethyl orthopropionate will

provide a compound where R2 is ethyl, and trimethyl orthovalerate will provide a

10 compound where R2 is a butyl group. The reaction is conveniently carried out by adding

the carboxylic acid equivalent to a quinoline-3,4-diamine ofFormula XXIII in a suitable

solvent such as toluene or pyridine. Optionally, catalytic pyridine hydrochloride can be

added. The reaction is carried out at a temperature high enough to drive off alcohol or

water formed during the reaction, for example, at the reflux temperature of the solvent.

15 Alternatively, step (4) can be carried out in two steps when an acid chloride of

Formula R2C(0)C1 is used as the carboxylic acid equivalent. Part (i) of step (4) is

conveniently carried out by adding the acid chloride to a solution of a quinoline-3,4-

diamine ofFormula XXIII in a suitable solvent such as dichloromethane or acetonitrile to

afford an amide. Optionally, a tertiary amine such as triethylamine, pyridine, or 4-

20 dimethylaminopyridine can be added. The reaction can be carried out at ambient

temperature or at a sub-ambient temperature, such as 0 °C. The amide product can be

isolated and optionally purified using conventional techniques. Part (ii) of step (4)

involves heating the amide prepared in part (i) to provide a l//-imidazo[4,5-c]quinoline of

Formula XXIV. The reaction is conveniently carried out in a suitable solvent such as

25 toluene at a temperature sufficient to drive offwater formed during the reaction. The

reaction can also be carried out in a solvent such as ethanol or methanol in the presence of

a base such as aqueous sodium hydroxide. The product can be isolated using conventional

methods.

In step (5) ofReaction Scheme I, the chloro group of a lif-imidazo[4,5-c]quinoline

30 of Formula XXIV is displaced with potassium thioacetate to provide a l#-imidazo[4,5-

cjquinoline ofFormula XXV. The reaction is conveniently carried out by adding

potassium thioacetate to a solution of a l#-imidazo[4,5-c]quinoline ofFormula XXIV in a

67



WO 2005/066169 PCT/US2004/043447

suitable solvent such as iV^iV-dimethylformamide. The reaction can be carried out at

ambient temperature, and the product can be isolated using conventional methods.

In step (6) ofReaction Scheme I, the thioacetate group ofa l#-imidazo[4,5-

c]quinoline ofFormula XXV is hydrolyzed under basic conditions to provide a thiol-

5 substituted llf-imidazo[4,5-c]quinoline ofFormula XXVI. The reaction is conveniently

carried out by adding a solution ofsodium methoxide in methanol to a solution of a IH-

imidazo[4,5-c]quinoline ofFormula XXV in methanol. The reaction can be carried out at

ambient temperature, and the product can be isolated using conventional methods.

In step (7) of Reaction Scheme I, the thiol group of a liWmidazo[4,5-c]quinoline

10 ofFormula XXVI is oxidized to a sulfonyl chloride ofFormula XIL The reaction is

conveniently carried out by adding a solution of sodium chlorate in a suitable solvent such

as water to a solution of a thiol-substituted 1H-imidazo[4,5-c]quinoline ofFormula XXVI

in hydrochloric acid. The reaction can be carried out at a sub-ambient temperature such as

0 °C, and the product can be isolated using conventional methods.

15 In step (8) ofReaction Scheme I, the sulfonyl chloride ofFormula XII is treated

with an amine or an amine salt to provide a sulfonamide ofFormula XIII. The reaction is

conveniently carried out by adding an amine ofFormula NH(Ri)(Ri') to a sulfonyl

chloride ofFormula XII in a suitable solvent such as dichloromethane or pyridine. The

reaction can be carried out at ambient temperature, and the product can be isolated using

20 conventional methods.

Alternatively, step (8) can be carried out by adding an amine hydrochloride of

Formula (Ri)(Ri')NH*HCl followed by aqueous potassium carbonate to a solution of a

sulfonyl chloride ofFormula XII in a suitable solvent such as dichloromethane. The

reaction can be carried out at ambient temperature, and the product can be isolated using

25 conventional methods.

In step (9) of Reaction Scheme I, a l#-imidazo[4
?
5-c]quinoline ofFormula XIII is

oxidized to provide a li7-imidazo[4,5-c]quinoline-5iV-oxide ofFormula XXVII using a

conventional oxidizing agent capable of forming TV-oxides. The reaction is conveniently

carried out by adding 3-chloroperoxybenzoic acid to a compound ofFormula XIII in a

30 solvent such as dichloromethane or chloroform. The reaction can be carried out at

ambient temperature, and the product can be isolated using conventional methods.
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In step (10) ofReaction Scheme I, a ljFZ-imidazo[4 9
5-c]quinoline-5A^oxide of

Formula XXVII is aminated to provide a lif-imidazo[4 ?
5-^]quinolin-4-amine ofFormula

II. Step (10) can be carried out by the activation of an J\T-oxide ofFormula XXVII by

conversion to an ester and then reacting the ester with an animating agent. Suitable

5 activating agents include alkyl- or arylsulfonyl chlorides such as benzenesulfonyl chloride,

methanesulfonyl chloride, or /?-toluenesulfonyl chloride. Suitable animating agents

include ammonia, in the form ofammonium hydroxide, for example, and ammonium salts

such as ammonium carbonate, ammonium bicarbonate, and ammonium phosphate. The

reaction is conveniently carried out by adding ammonium hydroxide to a solution of the

10 TV-oxide ofFormula XXVII in a suitable solvent such as dichloromethane or chloroform

and then addingj?-toluenesulfonyl chloride. The reaction can be carried out at ambient

temperature. The product or pharmaceutical^ acceptable salt thereof can be isolated using

conventional methods.

Steps (9) and (10) can also be carried out as a one-pot procedure by first adding

15 3-chloroperoxybenzoic acid to a lJ9-imidazo[4,5-c]quinoline ofFormula XIII in a solvent

such as dichloromethane or chloroform. After the reaction is stirred for a period long

enough to complete the oxidation, ammonium hydroxide andjMoluenesnlfonyl chloride

are sequentially added. The reaction can be carried out at ambient temperature, and the

product ofFormula II or a pharmaceutically acceptable salt thereofcan be isolated using

20 conventional methods.

69



WO 2005/066169 PCT/US2004/043447

Reaction Scheme I

70



WO 2005/066169 PCT7US2004/043447

Compounds of the invention can be prepared according to Reaction Scheme II,

wherein Ra, Ri, Ri\ R2 ? X', and n are as defined above.

In step (1) ofReaction Scheme II, a 3-nitroquinolin-4-amine ofFormula XXI is

reduced to provide a quinoline-3,4-diamine ofFormula XXVIIL The reduction of the

5 nitro group can be conveniently carried out as described in step (3) ofReaction Scheme L

The product can be isolated by conventional methods.

In step (2) ofReaction Scheme II, a quinoline-3,4-diamine ofFormula XXVIII is

reacted with a carboxylic acid or an equivalent thereof to provide a l#-imidazo[4,5-

c]quinoline ofFormula XXIX. The reaction can be conveniently carried out as described

10 in step (4) ofReaction Scheme I; the product can be isolated by conventional methods.

In step (3) ofReaction Scheme II, the hydroxyl group of a 17/-imidazo[4,5-

cjquinoline ofFormula XXIX is brominated using conventional methods to provide a

1ff-imidazo[4,5-e]quinoline ofFormula XXX. The bromination is conveniently carried

out by adding thionyl bromide to a solution of the 17Wmidazo[4,5-c]quinoline ofFormula

15 XIXX in a suitable solvent such as dichloromethane. The reaction can be carried out at

ambient temperature, and the product can be isolated using conventional methods.

In step (4) ofReaction Scheme II, the bromo group of a lH~imidazo[4,5-

cjquinoline ofFormula XXX is displaced with sodium hydrosulfide hydrate to provide a

thiol-substituted liWmidazo[4,5-c]quinoline ofFormula XXVI. The reaction is

20 conveniently carried out by adding sodium hydrosulfide hydrate to a solution of a IH-

imidazo[4,5-c]quinoline ofFormulaXXX in a suitable solvent such as ethanol. The

reaction can be carried out at ambient temperature or at an elevated temperature, such as

45 °C. The product can be isolated using conventional methods.

In step (5) ofReaction Scheme II, the thiol group of a l#-imidazo[4,5-c]quinoline

25 ofFormula XXVI is oxidized to a sulfonyl chloride ofFormula XII. The reaction can be

carried out as described in step (7) ofReaction Scheme I. The product can be isolated

using conventional methods.

In step (6) ofReaction Scheme II, the sulfonyl chloride ofFormula XII is treated

with an amine or an amine salt to provide a sulfonamide ofFormula XIII. The reaction

30 can be carried out as described in step (8) ofReaction Scheme I. The product can be

isolated using conventional methods.
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In step (7) ofReaction Scheme 11, a lH-imidazo[4,5-c]quinoline ofFormula XIII is

oxidized to provide a lif-imidazo^^S-clquinoline-SA^-oxide ofFormula XXVII using a

conventional oxidizing agent capable of forming TV-oxides. The reaction can be carried

out as described in step (9) ofReaction Scheme L The product can be isolated using

5 conventional methods.

In step (8) ofReaction Scheme II, a lfl
r-imidazo[4 ?

5-c]quinoline-5A^oxide of

Formula XXVII is aminated to provide a ljy-imidazo[49
5-c]quinolin-4-amine ofFormula

II. The reaction can be carried out as described in step (10) ofReaction Scheme I. The

product or a pharmaceutically acceptable salt thereof can be isolated using conventional

10 methods.

Reaction Scheme II
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Compounds of the invention can be prepared according to Reaction Scheme III,

wherein R*, Ru Ri\ R2, X', and n are as defined above.

In step (1) ofReaction Scheme III, the bromo group ofa phthalimide ofFormula

XXXI is displaced with thiourea to provide a phthalimide hydrobromide of Formula

XXXII. The reaction is conveniently carried out by combining a phthalimide ofFormula

XXXI and thiourea in a suitable solvent such as ethanol. The reaction can be carried out

at an elevated temperature, such as the reflux temperature, and the product can be isolated

using conventional methods. Some phthalimides ofFormula XXXI, such as N-(3-

bromopropyl)phthalimide, are commercially available; others can be prepared using

known synthetic methods.

In step (2) ofReaction Scheme III, a thiourea-substituted phthalimide

hydrobromide ofFormula XXXII is converted to a thiourea-substituted phthalimide

acetate ofFormula XXXDI. The reaction is carried out by adding an aqueous solution of

sodium acetate to an aqueous solution of the phthalimide hydrobromide ofFormula

XXXII. The reaction can be carried out at an elevated temperature, such as 100 °C, and

the product can be isolated using conventional methods.

In step (3) ofReaction Scheme III, the thiourea group ofa thiourea-substituted

phthalimide ofFormula XXXIII is converted to a sulfonyl chloride using the conditions

described in step (7) ofReaction Scheme I.

In step (4) ofReaction Scheme III, a sulfonyl chloride-substituted phthalimide of

Formula XXXIV is treated with an amine to provide a sulfonamido-substituted

phthalimide ofFormula XXXV. The reaction is conveniently carried out by adding an

amine ofFormula NH(Ri)(Ri') to a sulfonyl chloride-substituted phthalimide ofFormula

XXXIV in a suitable solvent such as tetrahydrofuran. The reaction can be carried out at

ambient temperature, and the product can be isolated using conventional methods.

In step (5) ofReaction Scheme III, a sulfonamido-substituted phthalimide of

Formula XXXV is hydrolyzed to provide a sulfonamido-substituted amine ofFormula

XXXVI. The reaction is carried out by adding hydrazine hydrate to a suspension'of a

phthalimide ofFormula XXXV in a suitable solvent such as ethanol. The reaction can be

carried out at an elevated temperature, such as reflux temperature, and the product can be

isolated using conventional methods.
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In step (6) ofReaction Scheme III, sulfonamido-substituted amine ofFormula

XXXVI is reacted with a 4-chloro-3-nitroquinoline ofFormula XX to provide a 3-

nitroquinolin-4-amine ofFormula XXXVII. The reaction is conveniently carried out by

combining the amine ofFormula XXXVI with a quinoline ofFormula XX in the presence

5 of a base such as triethylamine in a suitable solvent such as AT,iV-dimethylformamide. The

reaction can be carried out at ambient temperature, and the product can be isolated using

conventional methods.

In step (7) ofReaction Scheme III, a 3 -nitroquinolin-4-amine ofFormula XXXVII

is reduced to provide a quinoline-3,4-diamine ofFormula XXXVIII. The reduction ofthe

1 0 nitro group is carried out by hydrogenation in the presence of a heterogeneous

hydrogenation catalyst, such as palladium on carbon or platinum on carbon. The reaction

can be conveniently carried out on a Parr apparatus in a suitable solvent such as ethanol.

The product can be isolated by conventional methods.

In step (8) ofReaction Scheme III, a quinoline-3,4-diamine ofFormula XXXVIII

15 is reacted with a carboxylic acid or an equivalent thereof to provide a li?-imidazo[4,5-

e]quinoline ofFormula XIII. The reaction can be conveniently carried out as described in

step (4) of Reaction Scheme I; the product can be isolated by conventional methods.

In step (9) of Reaction Scheme III, a li7-imidazo[4,5-c] quinoline ofFormula XIII

is oxidized to provide a 1/i-imidazo[4,5-c]quinoline-5iV-oxide ofFormula XXVII using a

20 conventional oxidizing agent capable of forming N-oxides. The reaction can be carried

out as described in step (9) ofReaction Scheme I. The product can be isolated using

conventional methods.

In step (10) ofReaction Scheme III, a li^-imidazo^^-clquinoline-SiV-oxide of

Formula XXVII is aminated to provide a li/-imidazo[4,5-c]quinolin-4-amine ofFormula

25 II. The reaction can be carried out as described in step (10) ofReaction Scheme I. The

product or a pharmaceutically acceptable salt thereofcan be isolated using conventional

methods.
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Reaction Scheme HI

O O O

i
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Compounds of the invention can also be prepared according to Reaction Scheme

IV, wherein Rd is alkyl, alkoxy, or -N(R9)2 and R2b, Rib, and Rib
?

are subsets ofR2 , R}, and

Ri
5

as defined above that do not include those substituents that one skilled in the art would

recognize as being susceptible to reduction under the acidic hydrogenation conditions of

5 the reaction. These susceptible groups include, for example, alkenyl, alkynyl, and aryl

groups and groups bearing nitro substituents.

As shown in Reaction Scheme IV, an 177-imidazo[4,5-c]quinoline ofFormula lib

can be reduced to a 6,7,8,94etrahydro-l^-imidazo[4
?
5--c]quinolin-4-amine ofFormula

Illb. The reaction is conveniently carried out under heterogeneous hydrogenation

10 conditions by adding platinum (IV) oxide to a solution of the compound ofFormula lib in

trichloroacetic acid and placing the reaction under hydrogen pressure. The reaction can be

carried out on a Parr apparatus at ambient temperature. The product or pharmaceutical^

acceptable salt thereof can be isolated by conventional methods.

1 5 Reaction Scheme IV

Compounds ofthe invention can be prepared according to Reaction Scheme V,

wherein Rb, Ri, Ri% R2, X', and m are as defined above. Reaction Scheme V begins with

20 a 4-chloro-3-nitro[l,5]naphthyridine ofFormula XL. Compounds of Formula XL and

their preparation are known; see, for example, U.S. Patents Nos. 6,194,425 (Gerster) and

6,518,280 (Gerster). Steps (1) through (10) ofReaction Scheme V can be carried out as

described for the corresponding steps (1) through (10) ofReaction Scheme I to provide a

li7-imidazo[4,5-c][l,5]naphthyridin-4--amine ofFormula IV. The product or

25 pharmaceutically acceptable salt thereof can be isolated by conventional methods.
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For some embodiments, pyridines ofthe invention are prepared according to

5 Reaction Scheme VI, where Ri, Ri \ R2? Ra' ? Rb> 5
and X' are as defined above and Ph is
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phenyl. In step (1) of Reaction Scheme VI, the chloro group of a 7#-imidazo[4,5-

c]tetrazolo[ 1 ,5-a]pyridine ofFormula XLVIII is displaced with potassium thioacetate to

provide a 7i/-imidazo[4,5-c]tetrazolo[l )
5-^]pyridine ofFormula XLIX. The reaction can

be carried out as described in step (5) ofReaction Scheme I; the product can be isolated by

5 conventional methods. Compounds ofFormula XLVIII and their preparation are known.

See, for example, Dellaria et al, U.S. Publication No. US 2004/0010007 and International

Publication No. WO 03/103584.

In step (2) of Reaction Scheme VI, the thioacetate group of a 7#-imidazo[4,5-

c]tetrazolo[l,5-a]pyridine ofFormula XLIX is hydrolyzed under basic conditions to

1 0 provide a thiol-substituted 7i7-imidazo[4,5-c]tetrazolo[l ,5-a]pyridine ofFormula L. The

reaction can be carried out as described in step (6) ofReaction Scheme I; the product can

be isolated by conventional methods.

In step (3) ofReaction Scheme VI, the thiol group of a 7H-imidazo[4,5-

c]tetrazolo[l,5-a]pyridine ofFormula L is oxidized to a sulfonyl chloride ofFormula XVI

15 according to the method described in step (7) ofReaction Scheme I. The product can be

isolated by conventional methods.

In step (4) ofReaction Scheme VI, a sulfonyl chloride ofFormula XVI is treated

with an amine or an amine salt to provide a sulfonamide ofFormula XVII. The reaction

can be carried out according to the methods described in step (8) of Reaction Scheme I,

20 and the 7i/-imidazo[4?
5-c]tetrazolo[l ?

5-^]pyridine ofFormula XVII can be isolated by

conventional methods.

In step (5) of Reaction Scheme VI, the tetrazolo ring is reductively removed from a

7if-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of the Formula XVII to provide a IH-

imidazo[4,5-c]pyridin-4-amine ofthe Formula lb or a pharmaceutically acceptable salt

25 thereof. The reaction can be carried out by reacting the 7iT-imidazo[4,5-c]tetrazolo[l ,5-

a]pyridine ofFormula XVII with hydrogen in the presence of a catalyst and an acid. The

hydrogenation can be conveniently run at ambient temperature on a Parr apparatus with a

suitable catalyst, such as platinum (IV) oxide, and a suitable acid, such as trifluoroacetic

acid. The product or pharmaceutically acceptable salt thereof can be isolated from the

30 reaction mixture using conventional methods.

Alternatively, the tetrazolo ring can be removed from a 7#-imidazo[4,5-

c]tetrazolo[l,5-a]pyridine ofFormula XVII as shown in step (5a) by reaction with
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triphenylphosphine to form an iV^triphenylphosphinyl intermediate ofFormula LI. The

reaction with triphenylphosphine can be run in a suitable solvent such as toluene or 1,2-

dichlorobenzene under an atmosphere of nitrogen with heating, for example at the reflux

temperature, hi step (5b) ofReaction Scheme VI an A^triphenylphosphinyl intermediate

ofFormula LI is hydrolyzed to provide a li?-imidazo[4 3
5-c]pyridin-4-amine ofFormula

lb. The hydrolysis can be carried out by general methods well known to those skilled in

the art, for example, by heating in a lower alkanol in the presence of an acid. The product

can be isolated from the reaction mixture using conventional methods as the compound of

Formula lb or as a pharmaceutically acceptable salt thereof.

Reaction Scheme VI

(b
R

i
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For some embodiments, naphthyridines of the invention are prepared from

tetrazolo compounds ofFormulas LII and LV according to Reaction Scheme VII, wherein

Ri, Ri% R2 ? Rb, X' and m are as defined above and -OTf is a trifluoromethanesulfonate

group. Compounds ofFormula LII and LV and synthetic routes to these compounds are

5 known; see, for example, U.S. Patent Nos. 6,194,425 (Gerster) and 6,5 18,280 (Gerster).

In steps (1) and (la) ofReaction Scheme VII, a tetrazolonaphthyridine ofFormula

LII or LV is reacted with an amino alcohol of the Formula HO-X'-NFb to form a

compound ofFormula Lin or LVI. The reaction can be carried out as described in step

(1) ofReaction Scheme I. A hydroxy-substituted tetrazolonaphthyridine of Formula LIU

10 or LVI is converted to a compound ofFormula LIV or LVII according to the methods of

steps (2) through (8) of Reaction Scheme L The tatrazolo group of a compound of

Formula LIV or LVII can then be removed to provide a lII4midazo[4,5-c]naphthyridin-4-

amine ofFormula VII or VL The removal ofthe tetrazolo group can be carried out as

described in step (5) or steps (5 a) and (5b) ofReaction Scheme VI or by methods

15 described in U.S. Patent Nos. 6,194,425 (Gerster) and 6,518,280 (Gerster). The product or

pharmaceutically acceptable salt thereof can be isolated by conventional methods.

Reaction Scheme VII

20
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Compounds ofthe invention can be prepared according to Reaction Scheme VIII,

wherein Ra, Ri, Ri', R2 ? X*, and n are as defined above.

In step (1) ofReaction Scheme VIII, a chloro-substituted li/-imidazo[4
5
5-

cjquinoline ofFormula XXIV is oxidized and then aminated to provide a chloro-

substituted lif-imidazo[4,5-c]quinoline ofFormula LVIIL The reactions can be carried

out as described in steps (9) and (10) ofReaction Scheme I. The product can be isolated

using conventional methods.

In step (2) ofReaction Scheme VIII, the chloro group of a li?-imidazo[4,5-

c]quinolin-4-amine ofFormula LVIII is displaced with potassium thioacetate to provide a

thioacetate-substituted lif-imidazo[4,5~c]quinoline ofFormula LIX. The reaction can be

carried out as described in step (5) ofReaction Scheme L The product can be isolated

using conventional methods.

In step (3) ofReaction Scheme VIII, a thioacetate-substituted l//-imidazo[4,5-

c]quinolin-4-amine ofFormula LIX is hydrolyzed provide a thiol-substituted \H-

imidazo[4,5-c]quinoline ofFormula LX. The reaction can be carried out as described in

step (6) ofReaction Scheme I. The product can be isolated using conventional methods.

In step (4) ofReaction Scheme VIII, a thiol-substituted lif-imidazo[4,5-

£]quinoline ofFormula LX is oxidized to a sulfonyl chloride ofFormula LXL The

reaction can be carried out as described in step (7) ofReaction Scheme I. The product can

be isolated using conventional methods.

In step (5) ofReaction Scheme VIII, a sulfonyl chloride ofFormula LXI is treated

with an amine or an amine salt to provide a sulfonamide ofFormula II. The reaction can

be carried out as described in step (8) of Reaction Scheme L The product or a

pharmaceutically acceptable salt thereof can be isolated using conventional methods.
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Reaction Scheme VIII

Compounds of the invention can be prepared according to Reaction Scheme IX,

wherein Ra, Ri, Ri R2, X% and n are as defined above and Ts is (4-

methylphenyl)sulfonyl.

In step (1) ofReaction Scheme IX, a hydroxy substituted 3-nitroquinolin-4-amine

ofFormula XXI is reacted with tosyl chloride to provide a 4-amino-3-nitroquinolinylp-

tolunesulfonate ofFormula LXIL The reaction is conveniently carried out by combining

tosyl chloride with a quinoline ofFormula XXI in the presence of 4-

dimethylaminopyridine in a suitable solvent such as pyridine. The reaction can be carried

out at ambient temperature and the product can be isolated using conventional methods.

In step (2) ofReaction Scheme IX, a 4-amino-3-nitroquinolinyl ^-toluenesulfonate

ofFormula LXII is reduced to provide a 3,4-diaminoquinolinyl p-toluenesulfonate of

Formula LXIII. The reduction can be carried out as described in step (3) ofReaction

Scheme I and the product can be isolated using conventional methods.
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In step (3) ofReaction Scheme IX, a 3,4-diaminoquinolinyl p-toluenesulfonate of

Formula LXIII is reacted with a carboxylic acid or an equivalent thereof to provide a IH-

imidazo[4,5-c]quinoline ofFormula LXIV. The reaction can be carried out as described in

step (3) ofReaction Scheme I and the product can be isolated using conventional methods.

5 In step (4) ofReaction Scheme IX, the p-toluenesulfonate group of a IH-

imidazo[4,5-c]quinoline ofFormula LXIV is displaced with potassium thiocyanate to

provide a thiocyanate substituted li/-imidazo[4,5-c]quinoline ofFormula LXV. The

reaction can be carried out by adding potassium thiocyanate to a solution ofa IH~

imidazo[4,5-c]quinoline ofFormula LXIV in a suitable solvent such as rc-propanoL The

10 reaction can be carried out at an elevated temperature, such as 180 - 190 °C, using a

microwave synthesizer and the product can be isolated using conventional methods.

In step (5) ofReaction Scheme IX, the thiocyanate group ofa li7-imidazo[4
3
5-

c]quinoline ofFormulaLXV is cleaved to provide a thiol substituted li?-imidazo[4,5-

c]quinoline ofFormula XXVI. The reaction can be carried out by adding sodium

15 borohydride to a solution of a li/-imidazo[4,5-c]quinoline ofFormula LXV in a suitable

solvent such as ethanol. The reaction can be carried out at a sub-ambient temperature such

as 0 °C and the product can be isolated using conventional methods.

In step (6) of Reaction Scheme IX, the thiol group of a li7-imidazo[4,5-c]quinoline

ofFormula XXVI is oxidized to provide a sulfonyl chloride ofFormula XXIL The

20 reaction is carried out by treating a solution ofa 17/-imidazo[4,5-c]quinoline ofFormula

XXVI in a suitable solvent such as dichloromethane with chlorine, prepared in situ from

benzyltrimethylammonium chloride and trichloroisocyanuric acid. The reaction can be

carried out at a sub-ambient temperature such as 0 °C and the product can be isolated

using conventional methods.

25 In step (7) ofReaction Scheme IX, a sulfonyl chloride ofFormula XXII is reacted

with an amine or amine salt to provide a sulfonamide substituted lif-imidazo[4,5-

c]quinoline ofFormula XIII. The reaction can be carried out at described in step (8) of

Reaction Scheme I and the product can be isolated using conventional methods.

Steps (6) and (7) are preferably carried out as a one pot procedure by first treating

30 a chilled solution of a lH-imidazo[4,5-c]quinoline ofFormula XXVI in a suitable solvent

such as dichloromethane with chlorine, prepared in situ from benzyltrimethylammonium

chloride and trichloroisocyanuric acid. After the reaction is stirred for a period long
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enough to complete the oxidation, the amine is added and the reaction mixture is allowed

to warm to ambient temperature.

In steps (8) and (9) ofReaction Scheme IX, a li7-imidazo[4,5-c]quinoline of

Formula XIII is oxidized and then aminated to provide a liy-imidazo[4 ?5-cJquinoline-4-

amine ofFormula II. The reactions can be carried out as described in steps (9) and (10)

respectively ofReaction Scheme I. The product or a pharmaceutically acceptable salt

thereof can be isolated using conventional methods.

Reaction Scheme IX
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Compounds ofthe invention can also be prepared using variations of the synthetic

routes shown in Reaction Schemes I through IX. For example, tetrahydronaphthyridines

can be prepared using the reduction method described in Reaction Scheme iy for the

preparation oftetxahydroquinolines. Compounds ofthe invention can also be prepared

5 using the synthetic routes described in the EXAMPLES below.

Pharmaceutical Compositions and Biological Activity

Pharmaceutical compositions of the invention contain a therapeutically effective

amount of a compound or salt ofthe invention as described above in combination with a

10 pharmaceutically acceptable carrier.

The terms "a therapeutically effective amount" and "effective amount" mean an

amount ofthe compound or salt sufficient to induce a therapeutic or prophylactic effect,

such as cytokine induction, immunomodulation, antitumor activity, and/or antiviral

activity. Although the exact amount of active compound or salt used in a pharmaceutical

15 composition of the invention will vary according to factors known to those of skill in the

art, such as the physical and chemical nature of the compound or salt, the nature of the

carrier, and the intended dosing regimen, it is anticipated that the compositions of the

invention will contain sufficient active ingredient to provide a dose of about 100

nanograms per kilogram (ng/kg) to about 50 milligrams per kilogram (mg/kg), preferably

20 about 10 micrograms per kilogram (fig/kg) to about 5 mg/kg, of the compound or salt to

the subject. A variety of dosage forms may be used, such as tablets, lozenges, capsules,

parenteral formulations, syrups, creams, ointments, aerosol formulations, transdermal

patches, transmucosal patches and the like.

The compounds or salts of the invention can be administered as the single

25 therapeutic agent in the treatment regimen, or the compounds or salts ofthe invention may

be administered in combination with one another or with other active agents, including

additional immune response modifiers, antivirals, antibiotics, antibodies, proteins,

peptides, oligonucleotides, etc.

Compounds or salts of the invention have been shown to induce the production of

30 certain cytokines in experiments performed according to the test set forth below. These

results indicate that the compounds or salts are useful as immune response modifiers that
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can modulate the immune response in a number of different ways, rendering them useful

in the treatment of a variety of disorders.

Cytokines whose production may be induced by the administration ofcompounds

or salts ofthe invention generally include interferon-cc (IFN-cc) and/or tumor necrosis

5 factor-a (TNF-a) as well as certain interleukins (IL). Cytokines whose biosynthesis may

be induced by compounds or salts ofthe invention include IFN-a5
TNF-a, IL-1, IL-6, IL-

10 and IL-1 2, and a variety of other cytokines. Among other effects, these and other

cytokines can inhibit virus production and tumor cell growth, making the compounds or

salts useful in the treatment of viral diseases and neoplastic diseases. Accordingly, the

10 invention provides a method of inducing cytokine biosynthesis in an animal comprising

administering an effective amount of a compound or salt or composition of the invention

to the animal. The animal to which the compound or salt or composition is administered

for induction of cytokine biosynthesis may have a disease as described infra, for example

a viral disease or a neoplastic disease, and administration ofthe compound or salt may

15 provide therapeutic treatment. Alternatively, the compound or salt may be administered to

the animal prior to the animal acquiring the disease so that administration of the

compound or salt may provide a prophylactic treatment.

In addition to the ability to induce the production of cytokines, compounds or salts

of the invention can affect other aspects ofthe innate immune response. For example,

20 natural killer cell activity may be stimulated, an effect that may be due to cytokine

induction. The compounds or salts may also activate macrophages, which in turn

stimulate secretion of nitric oxide and the production of additional cytokines. Further, the

compounds or salts may cause proliferation and differentiation ofB-lymphocytes.

Compounds or salts ofthe invention can also have an effect on the acquired

25 immune response. For example, the production of the T helper type 1 (TH1) cytokine DFN-

y may be induced indirectly and the production of the T helper type 2 (TH2) cytokines IL-

4, IL-5 and IL-1 3 may be inhibited upon administration of the compounds or salts.

Whether for prophylaxis or therapeutic treatment of a disease, and whether for

effecting innate or acquired immunity, the compound or salt or composition may be

30 administered alone or in combination with one or more active components as in, for

example, a vaccine adjuvant. When administered with other components, the compound

or salt and other component or components may be administered separately; together but
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independently such as in a solution; or together and associated with one another such as

(a) covalently linked or (b) non-covalently associated, e.g., in a colloidal suspension.

Conditions for which compounds or salts identified herein may be used as

treatments include, but are not limited to:

5 (a) viral diseases such as, for example, diseases resulting from infection by an

adenovirus, a herpesvirus (e.g., HSV-I, HSV-II, CMV, or VZV), a poxvirus (e.g., an

orthopoxvirus such as variola or vaccinia, or molluscum contagiosum), a picornavirus

(e.g., rhinovirus or enterovirus), an orthomyxovirus (e.g., influenzavirus), a paramyxovirus

(e.g., parainfluenzavirus, mumps virus, measles virus, and respiratory syncytial virus

10 (RSV)), a coronavirus (e.g., SARS), a papovavirus (e.g., papillomaviruses, such as those

that cause genital warts, common warts, or plantar warts), a hepadnavirus (e.g., hepatitis B

virus), a flavivirus (e.g., hepatitis C virus or Dengue virus), or a retrovirus (e.g., a

lentiviras such as HW);

(b) bacterial diseases such as, for example, diseases resulting from infection by

15 bacteria of, for example, the genus Escherichia, Enterobacter, Salmonella, Staphylococcus,

Shigella, Listeria, Aerobacter, Helicobacter, Klebsiella, Proteus, Pseudomonas,

Streptococcus, Chlamydia, Mycoplasma, Pneumococcus, Neisseria, Clostridium, Bacillus,

Corynebacterium, Mycobacterium, Campylobacter, Vibrio, Serratia, Providencia,

Chromobacterium, Brucella, Yersinia, Haemophilus, or Bordetella;

20 (c) other infectious diseases, such chlamydia, fungal diseases including but not

limited to candidiasis, aspergillosis, histoplasmosis, cryptococcal meningitis, or parasitic

diseases including but not limited to malaria, Pneumocystis carnii pneumonia,

leishmaniasis, cryptosporidiosis, toxoplasmosis, and trypanosome infection;

(d) neoplastic diseases, such as intraepithelial neoplasias, cervical dysplasia,

25 actinic keratosis, basal cell carcinoma, squamous cell carcinoma, renal cell carcinoma,

Kaposi's sarcoma, melanoma, leukemias including but not limited to myelogeous

leukemia, chronic lymphocytic leukemia, multiple myeloma, non-Hodgkin's lymphoma,

cutaneous T-cell lymphoma, B-cell lymphoma, and hairy cell leukemia, and other cancers;

(e) TH2-mediated, atopic diseases, such as atopic dermatitis or eczema,

30 eosinophilia, asthma, allergy, allergic rhinitis, and Ommen's syndrome;

(f) certain autoimmune diseases such as systemic lupus erythematosus, essential

thrombocythaemia, multiple sclerosis, discoid lupus, alopecia areata; and
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(g) diseases associated with wound repair such as, for example, inhibition ofkeloid

formation and other types of scarring (e.g., enhancing wound healing, including chronic

wounds).

Additionally, compounds or salts ofthe present invention maybe useful as a

5 vaccine adjuvant for use in conjunction with any material that raises either humoral and/or

cell mediated immune response, such as, for example, live viral, bacterial, or parasitic

immunogens; inactivated viral, tumor-derived, protozoal, organism-derived, fungal, or

bacterial immunogens, toxoids, toxins; self-antigens; polysaccharides; proteins;

glycoproteins; peptides; cellular vaccines; DNA vaccines; autologous vaccines;

10 recombinant proteins; and the like, for use in connection with, for example, BCG, cholera,

plague, typhoid, hepatitis A, hepatitis B, hepatitis C, influenza A, influenza B,

parainfluenza, polio, rabies, measles, mumps, rubella, yellow fever, tetanus, diphtheria,

hemophilus influenza b, tuberculosis, meningococcal and pneumococcal vaccines,

adenovirus, HIV, chicken pox, cytomegalovirus, dengue, feline leukemia, fowl plague,

15 HSV-1 and HSV-2, hog cholera, Japanese encephalitis, respiratory syncytial virus,

rotavirus, papilloma virus, yellow fever, and Alzheimer's Disease.

Compounds or salts of the present invention may be particularly helpful in

individuals having compromised immune function. For example, compounds or salts may

be used for treating the opportunistic infections and tumors that occur after suppression of

20 cell mediated immunity in, for example, transplant patients, cancer patients and HIV

patients.

Thus, one or more of the above diseases or types of diseases, for example, a viral

disease or a neoplastic disease may be treated in an animal in need thereof (having the

disease) by administering a therapeutically effective amount of a compound or salt of the

25 invention to the animal.

An amount of a compound or salt effective to induce cytokine biosynthesis is an

amount sufficient to cause one or more cell types, such as monocytes, macrophages,

dendritic cells and B-cells to produce an amount of one or more cytokines such as, for

example, IFN-a, TNF-a, IL-1, IL-6, IL-10 and IL-12 that is increased (induced) over a

30 background level of such cytokines. The precise amount will vary according to factors

known in the art but is expected to be a dose of about 100 ng/kg to about 50 mg/kg,

preferably about 10 |ag/kg to about 5 mg/kg. The invention also provides a method of
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treating a viral infection in an animal and a method of treating a neoplastic disease in an

animal comprising administering an effective amount of a compound or salt or

composition of the invention to the animal. An amount effective to treat or inhibit a viral

infection is an amount that will cause a reduction in one or more of the manifestations of

viral infection, such as viral lesions, viral load, rate of virus production, and mortality as

compared to untreated control animals. The precise amount that is effective for such

treatment will vary according to factors known in the art but is expected to be a dose of

about 100 ng/kg to about 50 mg/kg, preferably about 10 jig/kg to about 5 mg/kg. An

amount of a compound or salt effective to treat a neoplastic condition is an amount that

will cause a reduction in tumor size or in the number of tumor foci. Again, the precise

amount will vary according to factors known in the art but is expected to be a dose of

about 100 ng/kg to about 50 mg/kg, preferably about 10 |*g/kg to about 5 mg/kg.

Objects and advantages of this invention are further illustrated by the following

examples, but the particular materials and amounts thereofrecited in these examples, as well

as other conditions and details, should not be construed to unduly limit this invention.
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EXAMPLES

In the examples below high performance flash chromatography (HPFC) was

carried out using either a HORIZON HPFC system (an automated high-performance flash

purification product available from Biotage, Lac, Charlottesville, Virginia, USA) or an

INTELLIFLASH Flash Chromatography System (an automated flash purification system

available from AnaLogix, hie, Burlington, Wisconsin, USA). The eluent used for each

purification is given in the example. In some chromatographic separations, the solvent

mixture 80/18/2 v/v/v chloroform/methanol/concentrated ammonium hydroxide (CMA)

was used as the polar component of the eluent. In these separations, CMA was mixed

with chloroform in the indicated ratio.

Example 1

iV-Methyl 3-(4-amino-2-ethyl-l Jf/-imidazo[4,5-c]quinolin- 1 -yl)propane- 1 -sulfonamide

NHL

A suspension ofAf-(3-bromopropyl)phthalimide (10.0 g, 37.3 mmol, 1.0 eq5) and

thiourea (2.84 g, L0 eq.) was heated at reflux for 8 hours and then allowed to cool to

ambient temperature overnight. The resulting precipitate was isolated by filtration and

rinsed with ethanol (3x7 mL) to provide 12.16 g of 2-[3-(l,3-dioxo-l,3-dihydroisoindol-

2~yl)propyl]isothiourea hydrobromide as a white solid, m.p. 170-172°C.

Saturated hot aqueous sodium acetate (-7 mL, ~ 4eq.) was added to a stirred

solution of 2-[3 -( 1 ,3-dioxo- 1 ,3-dihydroisoindol-2-yl)propyl]isothiourea hydrobromide

(12.16 g, 35.32 nimol) in hot (100 °C) water (90 mL). The reaction mixture was allowed

to cool to ambient temperature overnight. The resulting precipitate was isolated by

O \

Part A

PartB
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filtration, washed with cold water (2x15 mL)
5
and dried at 35°C under vacuum to provide

8.77 g of2-[4<l ?
3-dioxo-13-dihydroisoindol-2-yl)propyl]isothiourea acetic acid salt as a

white solid, m.p. 152-153 °C.

5 PartC

A solution of sodium chlorate (983 mg, 1.25 eq.) in water (2 mL) was added

dropwise with stirring over a period of 5 minutes to a chilled (0 °C) suspension of 2-[3-

(l ?
3-dioxo-13-dihydroisoindol-2-yl)propyl]isothiourea acetic acid salt (2.39 g, 7.39 mmol,

1.0 eq.) in concentrated hydrochloric acid (10 mL). The reaction mixture was stirred for

10 30 minutes. A pale yellow solid was isolated hy filtration, washed with ice cold water (2 x

10 mL), and dried under vacuum to provide 1.81 g ofproduct. This material was stirred

with chloroform (25 mL) and then filtered to remove an insoluble white solid. The filtrate

was concentrated under reduced pressure to provide 1.33 g of 3-(l ,3-dioxo-l ,3-

dihydroisoindol-2-yl)propane-l-sulfonyl chloride as a crystalline solid, m.p. 76-79 °C.

15

PartD

Methylamine (4.45 mL of 2.0M in tetxahydrofuxan, 2.0 eq.) was added dropwise

with stirring to a solution of 3-(l,3-dioxo-l,3-dihydroisoindol-2-yl)propane-l-sulfonyl

chloride (1 .28 g, 4.45 mmol. 1 .0 eq.) in tetrahydrofuran (THF). The reaction mixture was

20 stirred for 2 hours and then concentrated under reduced pressure. The residue was taken

up in chloroform (110 mL) and washed with water (35 mL). The aqueous wash was back

extracted with chloroform (40 mL). The combined organics were dried over magnesium

sulfate and concentrated under reduced pressure to provide 1.11 g ofN-methyl 3-(l,3-

dioxo-l,3-dihydroisoindol-2-yl)propane-l -sulfonamide as a white solid.

25

PartE

Hydrazine hydrate (290 pL, 1.3 eq.) was added dropwise with stirring to a

suspension ofA^methyl 3-(l,3-dioxo-l,3-dihydroisoindol-2-yl)propane-l -sulfonamide

(1 .10 g, 3.90 mmol, 1 .0 eq.) in ethanol (20 mL). The reaction mixture was heated to

30 reflux. After 3.5 hours analysis by 1H NMR indicated that the reaction was about a 60:40

mixture ofproduct and starting material. At 4.5 hours additional hydrazine hydrate (0.7

eq.) was added. After an additional 2 hours analysis by 1H NMR indicated that the
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reaction was complete. The reaction was allowed to cool to ambient temperature over the

weekend and then concentrated under reduced pressure. The residue was dissolved in

water (10 mL). Concentrated hydrochloric acid (0.65 mL, 2.0 eq.) was added dropwise to

provide a thick white precipitate. The mixture was diluted with water (10 mL), stirred for

20 minutes, and filtered; the filter cake was rinsed with water (3x10 mL). The filtrate

was concentrated under reduced pressure to provide 0.82 g ofJV-methyl 3-aminopropane-

1 -sulfonamide hydrochloride as a pale yellow solid.

PartF

Triethylamine (1.14 mL, 2.1 eq.) was added to a stirred solution ofi\T-methyl 3-

aminopropane-1 -sulfonamide hydrochloride (0.82 g, 3.90 mrnol, 1.0 eq.)mNtN-

dimethylformamide (DMF, 19.5 mL). 4-Chloro-3-nitroquinoline (813 mg, 3.90 mrnol, 1.0

eq) was added to the resulting suspension in a single portion. The reaction mixture was

stirred at ambient temperature for 1 hour and then concentrated under reduced pressure.

The residue was partitioned between chloroform (100 mL) and water (30 mL). The

aqueous layer was back extracted with chloroform (20 mL). The combined organics were

dried over magnesium sulfate and then concentrated under reduced pressure to provide

crude product as a yellow solid. The solid was triturated with diethyl ether (30 mL),

isolated by filtration, and rinsed with diethyl ether (3 x 10 mL) to provide 0.85 g of AT-

methyl 3-[(3-nitroquinolin-4-yl)amino]propane-l -sulfonamide as a yellow solid.

Part G

A suspension ofTV-methyl 3-[(3-nitroquinolin-4-yl)amino]propane-l-sulfonamide

(0.45 g, 1.39 mrnol) and 5% platinum on carbon (90 mg) in ethanol (30 mL) was

hydrogenated at 35 psi (2.4 x 10
5
Pa). After 3 hours analysis by thin layer

chromatography (TLC) indicated that the reaction was complete. The reaction mixture

was filtered to remove the catalyst and the filter cake was rinsed with ethanol (2x15 mL).

The filtrate was concentrated under reduced pressure to provide 0.43 g ofiV-methyl 3-[(3-

aminoquinolin-4-yl)amino]propane-l -sulfonamide as an orange oil.
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PartH

Triethyl orthopropionate (308 uL, 1.1 eq.) was added to a stirred solution ofthe

material from Part G (1.39 mmol, 1.0 eq.) in pyridine (7 mL). Pyridine hydrochloride (16

mg, 0.1 eq.) was added and the reaction mixture was heated at 100 °C for 2 hours.

Analysis by TLC indicated that the reaction was complete at 1.5 hours. The reaction

mixture was cooled to ambient temperature and then concentrated under reduced pressure.

The residue was partitioned between chloroform (60 mL) and water (35 mL). The

aqueous layer was back extracted with chloroform (20 mL). The combined organics were

dried over magnesium sulfate and then concentrated under reduced pressure to provide

crude product as a brown oil. The oil was purified by column chromatography (silica gel

eluting with 10/90 methanol/chloroform) to provide 336 mg ofiV-methyl 3-(2-ethyl-l#-

imidazo[4,5-c]quinolin-l-yl)propane-l-sulfonamide as a tan solid.

Parti

3-Chloroperoxybenzoic acid (98 mg, 1.2 eq.) was added to a suspension of TV-

methyl 3-(2-ethyHif-imidazo[4,5-c]quinolin-l-yl)propane-l-sulfonamide (HOmg, 0.33

mmol, 1.0 eq.) in chloroform (1.7 mL). All of the suspended material gradually went into

solution. After 30 minutes analysis by TLC indicated that all the starting material had

been consumed. After 1 hour concentrated ammonium hydroxide (2 mL) was added

followed by tosyl chloride (76 mg, 1.2 eq.). The resulting biphasic mixture was stirred

vigorously for 3 hours then the organic layer was separated. The aqueous layer was

extracted with chloroform (3x2 mL). The extracts were combined with the original

organic layer, dried over magnesium sulfate and concentrated under reduced pressure to

provide 0.12 g of crude product as a tan foam. The foam was recrystallized from THF (~

3 mL), isolated by filtration, and rinsed with ice cold THF (2x2 mL) to provide 32 mg of

JV-methyl 3-(4-amino-2-ethyl-lH-imidazo[4,5-c]quinolin-l-yl)propane-l-sulfonamide as a

tan powder, mp 225-228°C.
XH NMR (300 MHz, DMSOd6): 5 8.1 1 (d, J=7.6 Hz, 1H),

7.61 (dd, J=l.l, 8.4 Hz, 1H), 7.42 (t, J=7.2 Hz, 1H), 7.25 (dd, J=1.2, 8.1 Hz, 1H), 6.95 (q,

J=4.9 Hz, 1H), 6.45 (s, 2H), 4.64 (t, J=7.7 Hz, 2H), 3.29 (m, 2H), 2.96 (q, J=7.5 Hz, 2H),

2.56 (d, J=4.9 Hz, 3H), 2.14 (m, 2H), 1.38 (t, J=7.4 Hz, 3H); MS (APCI) m/z: 348 (M+H).

Anal, calcd. for C l6H2iN5O2S»0.08THF'0.14 H20: C, 55.10; H, 6.21; N, 19.69. Found: C,

55.04; H, 6.19; N, 19.37.
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Example 2

iV,iV-Dimethyl 3 -(4-amino-2-ethyl-li7-imidazo[4,5-c]quinolin- 1 -yl)propane- 1-sulfonamide

Nf-L

Dimethylamine (4.7 mL of2.0M in tetrahydrofuran, 2.1 eq.) was added dropwise

with stirring to a solution of 3-(l ?
3-dioxo-l ?

3-dihydroisoindol-2-yl)propane-l-sulfonyl

chloride (5.04 g, 17.5 mmol. 1 .0 eq.) in tetrahydrofuran (THF). The reaction mixture was

stirred for 1 .5 hours and then concentrated under reduced pressure. The residue was

dissolved in chloroform (120 mL), washed with water (50 mL), dried over magnesium

sulfate and concentrated under reduced pressure to provide 3.80 g of crude N,iV-dimethyl

3-(l ?
3-dioxo-l 9

3-dihydroisoindol-2-yl)pxopane-l -sulfonamide as a white solid.

Hydrazine hydrate (0.95 mL, 1.3 eq.) was added dropwise with stirring to a

suspension of the crude product from Part A (1 .0 eq.) in ethanol (60 mL). The reaction

mixture was heated at reflux for 3 hours, allowed to cool to ambient temperature, and then

concentrated under reduced pressure. The residue was suspended in water (80 mL).

Concentrated hydrochloric acid (1.6 mL, 1.5 eq.) was added dropwise. The resulting

suspension was stirred vigorously for 45 minutes and filtered; the filter cake was rinsed

with water (2x35 mL). The filtrate was concentrated under reduced pressure to provide a

white solid. This material was combined with methanol (50 mL) and then concentrated

under reduced pressure. This procedure was repeated with acetonitrile (100 mL) to

provide 2.50 g ofN,JV-dimethyl 3-aminopropane-1-sulfonamide hydrochloride as a white

solid.

Part A

PartB
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PartC

4-Chloro-3-nitroquinoline (2.34 g, 1 1.2 mmol, 1.0 eq.) was added in a single

portion to a stirred solution of the material from Part B (12.3 mmol, 1.10 eq.) in DMF (45

mL). Triethylamine (3.3 mL, 2.1 eq.) was added dropwise. After 1 hour analysis by TLC

5 indicated that the reaction was complete. The reaction mixture was concentrated under

reduced pressure. The residue was partitioned between chloroform (200 mL) and water

(50 mL). The aqueous layer was back extracted with chloroform (75 mL). The combined

organics were dried over magnesium sulfate and then concentrated under reduced pressure

to provide 2.72 g ofA^iV-dimethyl 3»[(3-nitroquinolin-4-yl)amino]propane-l-sulfonamide

10 as a red solid.

PartD

Sodium borohydride (1.20 g, 4.0 eq.) was slowly added to a stirred solution of

A^AT-dimethyl 3-[(3-nitroquinolin-4-yl)amino]propane-l-sulfonamide (2.68 g, 7.92 mmol,

15 1.0 eq.) and nickel (II) chloride hexahydrate (188 mg, 0.1 eq.) in 1/1 methanol/chloroform

(40 mL). After 30 minutes analysis by TLC indicated that the reaction was complete. The

reaction mixture was concentrated under reduced pressure. The residue was suspended in

chloroform (200 mL), washed with water (2 x 60 mL), dried over magnesium sulfate, and

then concentrated under reduced pressure to provide a brown oil. TLC analysis of the oil

20 showed multiple components. The combined aqueous washes were made basic (pH 8-9)

and then extracted with chloroform (2 x 75 mL). The chloroform extracts were combined,

dried over magnesium sulfate, and then concentrated under reduced pressure to provide

1.46 g of j\T,7V-dimethyl 3- [(3-aminoquinolin-4-yl)amino]propane-l-sulfonamide as a

brown foam.

25

PartE

Pyridine hydrochloride (55 mg, 0.1 eq.) was added to a stirred solution of the

material from PartD (4.73 mmol, 1.0 eq.) in pyridine (24 mL). Triethyl orthopropionate

(1.05 mL? 1.1 eq.) was added and the reaction mixture was heated at 100 °C for 2.5 hours.

30 Analysis by TLC indicated that the reaction was complete. The reaction mixture was

concentrated under reduced pressure. The residue was dissolved in chloroform (140 mL),

washed with water (2x35 mL), dried over magnesium sulfate, and then concentrated

95



WO 2005/066169 PCT/US2004/043447

under reduced pressure to give crude product as a brown foam. This material was purified

by column chromatography (silica gel eluting with 1.5/98.5 methanol/chloroform) to

provide 1.08 g ofjV,iV-dimethyl 3-(2-ethyl-li7-imidazo[4?
5-c3quinolin-l-yl)propane-l-

sulfonamide as a brown foam.

5

PartF

3-Chloroperoxybenzoic acid (810 mg, 12 eq.) was added in a single portion to a

solution ofN,TV-dimethyl 3-(2-ethyl-l#-imidazo[4,5-c]quinolin- 1 -yl)propane- 1 -

sulfonamide (0.95 g, 2.74 mmol, 1.0 eq.) in chloroform (14 mL). After 30 minutes

10 analysis by TLC indicated that all of the starting material had been consumed. After 2

hours concentrated ammonium hydroxide (14 mL) was added followed by tosyl chloride

(679 mg, 1.3 eq.). The resulting biphasic mixture was stirred vigorously for 2.5 hours then

the organic layer was separated. The aqueous layer was extracted with chloroform (2 x 20

mL). All organics were combined, dried over magnesium sulfate and then concentrated

15 under reduced pressure to provide 1 .25 g of crude product as a brown foam. The foam

was triturated with ethyl acetate (7 mL), combined with petroleum ether, isolated by

filtration, rinsed with 1/1 ethyl acetate petroleum ether (3x2 mL), and dried under
r

vacuum at 70 °C for 4 days to provide 770 mg of an off white powder. This powder was

combined with chloroform (80 mL), washed with saturated aqueous sodium bicarbonate

20 (30 mL), dried over magnesium sulfate, and then concentrated under reduced pressure.

The resulting solid was recrystallized from ethanol (~ 25 mL), isolated by filtration, rinsed

with ice cold ethanol (2x5 mL), and then dried to provide 553 mg ofA^A^dimethyl 3-(4-

amino-2-ethyl-lif-imidazo[4,5-c]quinolin-l-yl)propane-l-sulfonamide as an offwhite

powder, mp 209-21 1°C.
XH NMR (300 MHz, DMSO-d6): 8 8.1 1 (m, 1H), 7.61 (dd, JM1.0,

25 8.3 Hz, 1H), 7.42 (m, 1H), 7.25 (m, 1H), 6.45 (br s, 2H), 4.64 (t, J=8.0 Hz, 2H), 3.35 (m,

2H), 2.96 (q, J=7.4 Hz, 2H), 2.77 (s, 6H), 2.18 (m, 2H), 1.38 (t, J=7.4 Hz, 3H); MS

(APCI) m/z: 362 (M+H)+ ; Anal, calcd. forCi 7H23N502S: C, 56.49; H, 6.41; N, 19.37.

Found: C, 56.56; H, 6.31; N, 19.44
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Example 3

N,JV-Dimethyl 4-(4-amino-2-ethyl-l#-imidazo[4,5-c]quinolin- 1 -yl)butane- 1-sulfonamide

N

N

1*°

N

—

Part A
Triethylamine (1 1.8 g? 57.2 mmol, 1.1.eq.) was added to a suspension of 4-chloro-

3-nitroquinoline (20 g, 47.9 mmol, 1 eq.) in dichloromethane (200 raL); A solution of4-

aminobutanol (9.6 g, 52.7 mmol, 1.1 eq.) in dichloromethane (50 mL) was slowly added.

After 2 hours the reaction mixture was concentrated under reduced pressure. The residue

was slurried with water for about an hour. The resulting solid was isolated by filtration

and air dried to provide crude product. This material was purified by column

chromatography (silica gel eluting sequentially with dichloromethane and 5% methanol in

dichloromethane) to provide 24.1 g of 4-[(3-nitroquinolin-4-yl)amino]butanol.

PartB

A suspension of 4-[(3-nitroquinolin-4-yl)amino]butanol (18.2 g, 69.6 mmol) and 5

% palladium on carbon in a mixture of toluene (450 mL) and ethanol (60 mL) was

hydrogenated on a Parr apparatus until analysis by TLC indicated that the starting material

had been consumed. The reaction mixture was filtered through a layer ofCELITE filter

aid and then concentrated under reduced pressure to provide 17 g of 4-[(3-aminoquinolin-

4-yl)amino]butanol.

PartC

Triethyl orthopropionate (15.1 mL, 76.1 mmol, 1.1 eq.) and pyridine hydrochloride

(catalytic amount) were added to a solution of 4-[(3-aminoquinolin-4-yl)amino]butanol

(16 g, 69 mmol, 1 eq.) in pyridine (150 mL). The reaction mixture was heated at reflux

for 1 hour at which time analysis by TLC indicated that all of the starting material had
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been consigned. The reaction mixture was concentrated under reduced pressure. The

residue was triturated with water (300 mL). The resulting solid was isolated by filtration,

recrystallized from ethyl acetate, isolated by filtration, washed with cold ethyl acetate, and

then air dried to provide 8.2 g of 4-(2-ethyl-l/?-imidazo[4,5-c]quinolin-l-yl)butanol as a

5 solid.

PartD

Triphenylphosphine (3.35 g, 1.1 eq.) was added to a stirred suspension of 4-(2-

ethyMi?-imidazo[4,5-c]quinolin-l--yl)butanol (3.13 g, 11.6 mmol, 1.0 eq.) in THF (50

10 mL). A^-bromosuccinimide (2.28 g, 1.1 eq.) was added in portions over a period of- 1

min. After 45 minutes additional triphenylphosphine (0.2 eq.) and AT-bromosuccinimide

(0.2 eq.) were added. After an additional hour analysis by TLC indicated that the reaction

was essentially complete. The reaction mixture was quenched with methanol (2 mL) and

then concentrated under reduced pressure. The residue was dissolved in chloroform (200

15 mL), washed sequentially with water (50 mL), 5% sodium sulfite (50 mL), and brine (50

mL), dried oVer magnesium sulfate, and then concentrated under reduced pressure. The

residue was purifiedby column chromatography (silica gel eluting with a gradient of

100% chloroform to 4/96 methanol/chloroform) to provide 3.07 g of l-(4-bromobutyl)-2-

ethyl-lif-imidazo[4,5-c]quinoline as an orange solid.

20

PartE

A suspension of the material from Part D (9.21 mmol, 1 .0 eq.) was gently warmed

until a solution was obtained. The solution was allowed to cool to near ambient

temperature and then sodium hydrosulfide hydrate (671 mg, 1.3 eq.) was added in a single

25 portion. The reaction mixture was stirred at ambient temperature over the weekend then

warmed to 45 °C for 4 hours. The reaction mixture was cooled to ambient temperature

overnight and then additional sodium hydrosulfide hydrate (0.3 eq.) was added. After 6
'

hours chloroform (10 mL) was added. The reaction mixture was stirred overnight and

then concentrated under reduced pressure. The residue was combined with chloroform

30 (175 mL), washed sequentially with water (2 x 50 mL) and brine (75 mL), dried over

magnesium sulfate, and then concentrated under reduced pressure to provide 2.75 g ofa

pink foam. This material was purified by column chromatography (silica gel eluting with
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a gradient of 3/97 to 4/96 methanol/chloroform) to provide 1.87 g of 4-(2-ethyl-l^-

imidazo[4?
5«c]quinolin-l-yl)butane-l -thiol as a white foam.

PartF

5 A solution of sodium chlorate (1 03 mg, 1 .3 eq.) in water (0.5 mL) was added

dropwise with stirring to a chilled (0 °C) solution of4-(2-ethyH Jf/-imidazo[4?
5-

c]quinolm-l~yl)butane-l -thiol (21 1 mg, 0.74 mmol, L0 eq.) in concentrated hydrochloric

acid (1.0 mL). The reaction mixture was stirred for 1 .5 hours. Chloroform (5 mL) was

added followed by the addition of a solution of sodium dihydrogenphosphate (2.76 g, 23

10 mmol) in water (4 mL) to pH ~3. The reaction mixture was further diluted with water (20

mL) and chloroform (30 mL) and then aqueous saturated sodium bicarbonate was added

with stirring until pH ~5. The layers were separated and the aqueous layer was extracted

with chloroform (30 mL). The combined organics were dried over magnesium sulfate and

then concentrated under reduced pressure to provide 190 mg of 4-(2-ethyl-177-

1 5 imidazo[4?
5-c]quinolin-l-yl)butane-l -sulfonyl chloride as a light yellow semisolid.

Part G

Dimethylamine (160 \iL of40% w/w in water, 2.4 eq,) was added to a stirred

solution of the material from Part F (0.54 mmol ? 1 .0 eq.) in dichloromethane (5 .4 mL).

20 After 1 hour additional dimethylamine (1 eq) was added. The reaction mixture was

allowed to stand over the weekend and then was concentrated under reduced pressure.

The residue was diluted with chloroform (60 mL), washed sequentially with water (2 x 25

mL) and saturated sodium bicarbonate (25 mL), dried over magnesium sulfate, and then

concentrated under reduced pressure to provide 138 mg of a yellow oil. The oil was

25 combined with the material from another run and purified by column chromatography

(silica gel eluting with 5/95 methanol/chlorofonn) to provide 222 mg of Af-dimethyl 4-

(2-ethyl-li^imidazo[4 5
5-c]quinolin-l-yl)butane-l-sulfonamid as a white foam.

PartH

30 Using the general method ofExample 2 Part F, the material from Part G was

oxidized with 3-chloroperoxybenzoic acid (167 mg, 1.1 eq) and then animated (3 mL

concentrated ammonium hydroxide and 135 mg of tosyl chloride). The crude product was

99



WO 2005/066169 PCT/US2004/043447

purified by column chromatography (silica gel eluting with 5/95 methanol chloroform),

triturated with ethyl acetate, and then dried under vacuum at 65 °C for 12 hours to provide

129 mg ofMiV-dimethyl 4-(4-amino-2-ethyl-li/-imidazo[4,5-c]quinolin-l-yl)butane-l-

sulfonamide as a white powder, mp 193-195°C.
JHNMR (300 MHz, DMSO-d6): 5 8.05

5 (d, J=8.1 Hz, 1H), 7.60 (dd, J=1.2, 8.4 Hz, 1H), 7.41 (ddd, J=1.4, 7.1, 8.4 Hz, 1H), 7.25

(ddd, J=1.2, 7.1, 8.4 Hz, 1H), 6.43 (s, 2H), 4.56 (t, J=7.5 Hz, 2H), 3.10 (t, J=7.5 Hz, 2H),

2.96 (q, J-7.5 Hz, 2H), 2.73 (s, 6H), 1.88, (m, 4H), 1.38 (t, J=7.5 Hz, 3H); MS (APCI) m/z:

376 (M+H); Anal, calcd. for QsH^NsOaS: C, 57.58; H, 6.71; N, 18.65. Found: C, 57.54;

H, 6.58; N, 18.65.

10

Example 4

A^-Methyl4-(4-amino-2-ethyl-l//"-imidazo[4,5-c]quinolin-l-yl)butane-l-sulfonamide

H

15 PartA
Methylamine hydrochloride (504 mg, 2.1 eq.) was added to a stirred mixture of 4-

(2-ethyl-li7-imidazo[4 ?5-c]quinoHn-l-yl)butane-l-sulfonyl chloride (1.25 g, 3.55 mmol,

1.0 eq.) and dichloromethane (36 mL). Aqueous potassium carbonate (1.30 mL of 6M,

2.2 eq.) was added. After 2 hours the reaction mixture was diluted with chloroform (100

20 mL), washed with brine (30 mL), dried over magnesium sulfate, and then concentrated

under reduced pressure to provide 1.24 g ofN-methyl 4-(2-ethyl-li/-imidazo[4 ?
5-

c]quinolin-l-yl)butane-l -sulfonamide as a light brown solid.

PartB

25 3-Chloroperoxybenozic acid (1.02 g of77% max, 1.15 eq.) was added in a single

portion to a stirred solution ofthe material from Part A (1.0 eq) in chloroform (36 mL).

After 50 minutes concentrated ammonium hydroxide (8 mL) and tosyl chloride (819 mg,
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1.2 eq.) were added. The reaction mixture was stirred for 2 hours and then the bulk of the

chloroform was removed under reduced pressure. The residue was filtered, washed

sequentially with water (10 mL) and isopropanol (2x8 mL), and then dried under vacuum

to provide 722 mg of a tan solid. This material was recrystallized from 1,2-dichloroethane

5 (~ 45 mL) then dried under vacuum at 50 °C for 1 8 hours to provide 49 1 mg ofTV-methyl

4-(4-amino-2-ethyl-li/4midazo[4,5-c]quinolin-l-yl)butane-l-sulfonamide as an off-white

powder, mp 190-191°C. *H NMR (300 MHz, DMSO-d6): 8 8.03 (d, J-8.4 Hz, 1H), 7.61

(dd, J=1.2, 8.4 Hz, 1H), 7.41 (ddd, J=1.2, 7.1, 8.3 Hz, 1H), 7.25 (ddd, J=1.2, 7.1, 8.3 Hz,

1H), 6.90 (q, J=4.8 Hz, 1H), 6.43 (br s, 2H), 4.54 (t, J=7.3 Hz, 2H), 3.08 (t, J-7.3 Hz, 2H),

10 2.96 (q, J-7.5 Hz, 2H), 2.54 (d, J=4.8 Hz, 3H), 1.94 (m, 2H), 1.81 (m, 2H), 1.38 (t, J=7.5

Hz, 3H); MS (APCI) m/z: 362 (M+H); Anal, calcd. for CnH^NsOaS-O.OS C2H4CI2: C,

56.05; H, 6.38; N, 19.11. Found: C, 55.83; H, 6.13; N, 18.92.

15 ! Example 5

Af-(4-Methoxybenzyl) 4-(4-amino-2-ethyl-l#-imidazo[4,5-c]quinolin- 1 -yl)butane- 1 -

sulfonamide

20 Part A
Aqueous potassium carbonate (0.35 mL of 6M, 1.2 eq.) was added to a stirred

solution of 4-(2-ethyl-li7-imidazo[4,5--c]quinolin--l-yl)butane-l-sulfonyl chloride (0.62 g,

1.76 mmol, 1.0 eq.) in dichloromethane (17 mL). 4-Methoxybenzylamine (0.25 mL, 1.1

eq.) was added dropwise and the reaction mixture was stirred for 2 hours. Additional

25 aqueous potassium carbonate (1.2 eq.) and 4-methoxybenzylamine (1.1 eq.) were added

and the reaction mixture was stirred over the weekend. The reaction mixture was diluted

with chloroform (140 mL), washed with water (2 x 40 mL), dried over magnesium sulfate,
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and then concentrated under reduced pressure to provide a brown oil. The oil was twice

purified by column chromatography (silica gel eluting with 5/95 methanol/chloroform) to

provide 412 mg of7V-(4-methoxybenzyl) 4-(2-ethyl-li7-imidazo[4
:)
5-c]quinolin-l-

yl)butane-l-sulfonamide as a white foam.

5

PartB

3-Chloroperoxybenzoic acid (257 mg of77% max, 1.15 eq.) was added to a stirred

solution of the material from Part A (1.0 eq) in chloroform (9.1 mL). After 1 hour

concentrated ammonium hydroxide (3 mL) and tosyl chloride (207 mg, 1.2 eq.) were

10 added. The reaction mixture was stirred vigorously for 20 hours, diluted with water (4

mL), and partially concentrated under reduced pressure. The residue was diluted with

water (5 mL) and then extracted with chloroform (1 x 40 mL, then 4 x 20 mL). The

combined extracts were dried over magnesium sulfate and then concentrated under

reduced pressure to provide 0.47 g of a brown foam. The foam was purified by column

15 chromatography (silica gel eluting with 25/75 80/18/2 chloroform/methanol/ammonium

hydroxide (CMA)/chloroform) to provide 0.20 g of a tan foam. This material was

reconcentrated from hot ethyl acetate/diethyl ether, recrystallized from ethanol, isolated by

filtration, rinsed with ethanol (2x2 mL), and dried under vacuum at 80°C for 24 hours to

provide 80 mg ofJV"-(4-methoxybenzyl) 4-(4-amiiio-2-ethyl-li7-imidazo[4 ?5-c]quinolin-l-

20 yl)butane-l-sulfonamide as a white powder, mp 176-177°C.
!HNMR (300 MHz, DMSO-

d6): 6 8.00 (d, J=8.1 Hz, 1H), 7.61 (dd, J=l.l 5 8.3 Hz, 1H), 7.56 (t, J=5.9 Hz, 1H),7.42

(ddd, J=l.l, 7.2, 8.3 Hz, 1H), 7.25 (m, 3H), 6.84 (m, 2H), 6.43 (br s, 2H), 4.48 (t, J=7.6

Hz, 2H), 4.03 (d, J=5.9 Hz, 2H), 3.67 (s, 3H), 2.93 (m, 4H), 1.80 (m, 4H), 1.38 (t, J-7.5

Hz, 3H); MS (APCI) m/z: 468 (M+H); Anal, calcd. for Ca^NsOsS-O.OS EtOH, C,

25 61.60; H, 6.28; N, 14.90. Found: C 5 61.39; H, 6.53; N, 14.84.
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Example 6

4-(4-Amino-2-ethyl»l//-imidazo[435-c]quinolm-l -yl)butane- 1-sulfonamide

iV-(4-Methoxybenzyl) 4<4-amino-2-ethyl-lif-imidazo[4,5--c]quinolin--l-yl)butane-

1-sulfonamide (180 mg) was dissolved in trifluoroacetic acid (3 mL) and stirred for 5.5

hours. The reaction mixture was concentrated under reduced pressure. The residue was

suspended in methanol (15 mL) and then concentrated under reduced pressure. The

residue was triturated with methanol (~ 3 mL), isolated by filtration, rinsed with methanol

(2 mL), and then dried under vacuum to provide 168 mg of a white solid. This solid was

triturated with hot dichloromethane (~ 3 mL), isolated by filtration, washed with

dichloromethane( 2x2 mL), and then dried under vacuum to provide 124 mg of a solid.

This material was recrystallized from methanol (~ 8 mL evaporated to ~ 3 mL) to provide

67 mg of4-(4-amino-2-ethyl-liWmidazo [4 ?
5-c]quinolin- 1 -yl)butane- 1 -sulfonamide

trifluoroacetate as a white powder, mp225-227°C.
XHNMR (300 MHz, DMSO-d6): 5

13.43 (br s, 1H), 8.89 (br, 2H), 8.24 (d, J=8.1 Hz, 1H), 7.83 (d, J=8.4 Hz, 1H), 7.72 (t,

J=8.0 Hz, 1H), 7.58 (dd, J=1.2, 8.3 Hz, 1H), 6.80 (br s, 2H), 4.62 (t, J-7.3 Hz, 2H), 3.05

(m, 4H), 1.92 (m, 4H), 1.41 (t, J=7.3 Hz, 3H); MS (APCI) m/z: 348 (M+H); Anal, calcd.

for C^HaiNsOaS-CFsCOaH: C, 46.85; H, 4.81; N, 15.18. Found: C, 46.65; H, 4.82; N,

15.07.
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Example 7

7V;iV-Dimethyl 3-(4-amino-l#-imidazo [4,5-cjquinolin- 1 -yl)propane- 1 -sulfonamide

Part A
A solution of sodium dithionite (4.12 g of 85%, 5.0 eq.) in water (16 mL) was

added dropwise to a stirred solution of7V,7V-dimetliyl 3-[(3-nitroquinolin-4-

yl)amino]propane-l -sulfonamide (1.60 g, 4.72 mmol, 1.0 eq.) in 1/1 acetonitrile/methanol

(48 mL). A white precipitate formed during the addition. The reaction mixture was

stirred vigorously for 1 hour and then filtered. The filter cake was rinsed with methanol (2

x 20 mL). The filtrate was concentrated under reduced pressure and then dried under

vacuum overnight to provide 4.1 g of crude TV-dimethyl 3-[(3-aminoquinolin-4-

yl)amino]propane-l-sulfonamide as a yellow/orange solid.

PartB

Trimethyl orthoformate (0.62 mL, 1.2 eq.) and pyridine hydrochloride (55 mg, 0.1

eq.) were added sequentially to a stirred suspension of the material from Part A (1 .0 eq.) in

pyridine. The reaction was heated to 100 °C and stirred for 2 hours. Additional trimethyl

orthoformate (1 .2 eq.) was added and the reaction mixture was heated for an additional 6

hours. The reaction mixture was allowed to cool to ambient temperature overnight;

analysis by TLC indicated that the reaction was complete. The reaction mixture was

concentrated under reduced pressure and the residue was partitioned between

dichloromethane (100 mL) and water (75 mL). The aqueous layer was back extracted

with dichloromethane (50 mL). The combined organics were dried over magnesium

sulfate and concentrated under reduced pressure iV,N-dimethyl 4-(2-ethyl-l#-imidazo[4,5-

c]quinolin-l-yl)butane-l-sulfonamide to provide a yellow foam. This material was

purified by HPFC (silica gel eluting sequentially with 0-10% methanol in chlorofonn for

10 column volumes and 10% methanol in chloroform for 5 column volumes). The
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resulting material was reconcentrated from acetonitrile then dried under vacuum overnight

to provide 1.26 g ofN,N-dimethyl 3-(lif-imidazo[4 ?
5-c]quinolin-l-yl)propane--l--

sulfonamide as an orange foam.

5 PartC

3-Chloroperoxybenozic acid (1.17 g of'77% max, 1.2 eq.) was added to a stirred

solution ofthe material from Part B (1 .0 eq) in chloroform (20 mL). After 1 hour

concentrated ammonium hydroxide (2 mL) and tosyl chloride (943 mg, 1 .25 eq.) were

added with vigorous stirring. A white precipitate formed after 10 minutes; analysis by

10 TLC indicated that the reaction was complete. After 1 hour the reaction mixture was

filtered and the filter cake was rinsed with chloroform (2x15 mL). The filtrate was

washed with water (20 mL). The aqueous was back extracted with chloroform (2 x 25

mL). The combined organics were dried over magnesium sulfate and concentrated under

reduced pressure to provide 1 .5 g of a brown foam. The foam was triturated with

15 methanol (10-15 mL), isolated by filtration, rinsed with methanol (3x4 mL), and dried

under vacuum at 100 °G to provide 435 mg of a white solid. This material was slurried
)

with methanol (3 mL) containing several drops of 10% aqueous sodium hydroxide,

isolated by filtration, rinsed with methanol (2x2 mL), and dried under vacuum [0.10 Torr

(13 Pa)] at 1 10 °C for 6 hours to provide 330 mg ofJV-methyl 3-(4-amino-l#-imidazo[4,5-

20 c]quinolin-l -yl)propane- 1 -sulfonamide as a white powder, mp 1 55-1 57°C. *H NMR (300

MHz, DMSO-d6): 5 8.19 (s, 1H), 8.11 (d, J=7.5 Hz, 1H), 7.63 (dd, J=8.3, 0.8 Hz, 1H),

7.46 (m, 1H), 7.27 (m, 1H), 6.59 (br s, 2H), 4.72 (t, J=7.2 Hz, 2H), 3. 19 (t, J=7.6 Hz, 2H), /

2.74 (s, 6H), 2.27 (pentet, J-7.4 Hz, 2H); MS (APCI) m/z 334 (M+H)+ ; Anal, calcd for

Ci5H19N502S: C, 54.04; H, 5.74; N, 21.01. Found: C, 53.71; H, 6.06; N, 20.96.

25
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Example 8

7V-(4-Methoxyphenyl) 4-(4-amino-2-ethoxym^

yl)butane-l -sulfonamide

5

Part A
A solution ofthionyl chloride (49.6 g, 1.1 eq.) in dichloromethane (100 mL) was

added dropwise with stirring to a chilled (0 °) suspension of 4-[(3-nitroquinolin-4-

yl)amino]butanol (99 g, 379 mmol, 1 eq.) in dichloromethane (900 mL). The reaction

10 mixture was stirred at ambient temperature overnight and then the pH was adjusted to pH

10 by adding aqueous potassium carbonate (6M). The layers were separated and the

aqueous layer was extracted with dichloromethane (4 x 100 mL). The combined organics

were washed with brine, dried over magnesium sulfate, and then concentrated under

reduced pressure to provide crude product. This material was purified by chromatography

15 (silica gel eluting with 7% methanol in dichloromethane to provide -96 g ofiV-(4-

chlorobutyl)-3-nitroquinolin-4-amine.

PartB

A solution of sodium dithionite (3.00 g5
5.0 eq) in water (1 1 mL) was added

20 dropwise to a stirred suspension ofiVL(4-chlorobutyl)-3-nitroquinolin-4-amine (964 mg,

3.45 mmol
?
1.0 eq.) in ethanol (34 mL). A precipitate formed during the addition. After

45 minutes the reaction mixture was filtered and the filter cake was rinsed with ethanol (3

x 12 mL). The filtrate was concentrated under reduced pressure and the residue was

partitioned between dichloromethane (150 mL) and 50% sodium bicarbonate (60 mL).

25 The organic layer was washed with 50% sodium bicarbonate (60 mL), dried over

magnesium sulfate, and then concentrated under reduced pressure to provide 0.45 g ofA^-

(4-chlorobutyl)quinoline-3 ?
4-diamine as a yellow semisolid.
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PartC

Ethoxyacetyl chloride (243 mg, 1.1. eq.) was added dropwise with stirring to a

chilled (0 °) solution of the material from Part B (1 .0 eq.) in dichloromethane (9 mL). The

5 reaction mixture was stirred for 5 minutes then allowed to warm to ambient temperature

and stirred for 1 hour. The reaction mixture was concentrated under reduced pressure to

provide crude A^[4-(4-chlorobutyl)aminoquinolin--3-yl]-2-ethoxyacetamide hydrochloride

as a yellow oil.

10 PartD

Aqueous sodium hydroxide (1 .28 mL of2M5
1.5 eq.) was added to a stirred

solution ofthe material from Part C (1 .0 eq.) in ethanol (17 mL). The reaction mixture

was heated at 60-70 °C for 30 minutes at yyhich time analysis by high performance liquid

chromatography (HPLC) indicated that the reaction was complete. The reaction mixture

15 was allowed to cool to ambient temperature over the weekend and then concentrated under

reduced pressure. The residue was combined with material from another run and then

partitioned between ethyl acetate (120 mL) and water (40 mL). The organic layer was

dried over magnesium sulfate and concentrated under reduced pressure to provide 0.55 g

of a yellow oil. This material was purified by HPFC (silica gel eluting with a gradient

20 from 100% ethyl acetate to 10% methanol in ethyl acetate) to provide l-(4~chlorobutyl)-2-

ethoxymethyl-liiir-imidazo[4
5
5-c]quinoline as a yellow oil.

PartE

Potassium thioacetate (2.95 g, 1.1 eq.) was added in a single portion to a stirred

25 solution of l-(4-chlorobutyl)-2-ethoxymethyl-l/f-imidazo[4,5-c]quinoline (7.46 g, 23.5

mmol, 1.0 eq.) in DMF (110 mL). The solution was stirred overnight at ambient

temperature and then concentrated under reduced pressure. The residue was dissolved in

dichloromethane (200 mL), washed sequentially with water (100 mL) and brine (100 mL),

dried over magnesium sulfate, and concentrated under reduced pressure to provide 8.06 g

30 ofproduct as a brown solid. The solid was further purified by washing with water and

stirring over activated charcoal to provide S-[4-(2-ethoxymethyHi7-imidazo[4,5-

c]quinolin-l-yl)butyl] thioacetate.
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PartF

A stirred solution of S-[4-(2-ethoxymethyl-lj?/-im^

thioacetate (4.19 g, 11.7 mmol, 1.0 eq.) in methanol (59 mL) was degassed with nitrogen

5 for several minutes. Sodium methoxide (5.90 mL of 25 wt% in methanol, 2.2 eq.) was

added and the reaction mixture was degassed for several more minutes. After 1 hour the

reaction mixture was concentrated under reduced pressure. The residue was diluted with

dichloromethane (150 mL) and water (50 mL); then hydrochloric acid (2M) was added to

pH -7. The layers were separated and the aqueous layer was back extracted with

10 dichloromethane (50 mL). The combined organics were dried over magnesium sulfate and

concentrated under reduced pressure to provide 3.72 g of crude product as a yellow oil.

This oil was purified by HPFC (silica gel eluting with 0-20% CMA in chloroform for 5

column volumes and then with 20% CMA in chloroform for 5 column volumes) to

provide 2.20 g of4-(2-ethoxymethyl-li7-imidazo[49
5-c]quinolin-l-yl)butane-l4hiol as a

15 yellow oil.

PartG

A solution of sodium chlorate (965 mg? 1.3 eq.) was added dropwise with stirring

to a chilled (0 °C) solution of the material from Part F (1.0 eq.) in hydrochloric acid (17

20 mL of 7M). The reaction mixture was allowed to stir for 90 minutes and then

dichloromethane (100 mL) was added. Aqueous potassium carbonate (10 mL of6M) was

added dropwise. The reaction mixture was allowed to warm to ambient temperature and

then it was poured into a mixture of dichloromethane (100 mL) and water (50 mL). The

pH was adjusted to pH 4 by the addition of aqueous potassium carbonate (6M). The layers

25 were separated and the aqueous layer was back extracted with dichloromethane (50 mL).

The combined organics were dried over magnesium sulfate and concentrated under

reduced pressure to provide 2.04 g of4-(2-ethoxymethyl-l JH'-imidazo[4 ?
5-c]quinolin-l-

yl)butane-l-sulfonyl chloride as a yellow foam. >

30 PartH

4-Anisidine (689 mg, 1.2 eq.) was added to a stirred solution of 4-(2-

ethoxymethyl-li^imidazo[4?
5-c]quinolin-l-yl)butane-l*-sulfonyl chloride (1.78 g, 4.66
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mmol, 1.0 eq.) in pyridine (15 mL). The reaction mixture was stirred at ambient

temperature for 1 hour and then concentrated under reduced pressure. The residue was

dissolved in dichloromethane (350 mL), washed sequentially with water (2 x 100 mL) and

brine (100 mL), dried over magnesium sulfate and concentrated under reduced pressure to

5 provide 1 .90 g of crude product as a red oil. The oil was purified byHPFC (silica gel

eluting with 0-20% CMA in chloroform for 5 column volumes and then with 20% CMA in

chloroform for 7 column volumes) to provide 1.19 g ofA^(4-methoxyphenyl) 4-(2-

ethoxymethyl-177-imidazo[43
5-c]quinolin-l-yl)butane-l»sulfonamide as a tan solid.

10 Parti

3-Chloroperoxybenozic acid (622 mg of77% max, 1.2 eq.) was added to a stirred

solution ofA/-(4-methoxyphenyl) 4-(2-ethoxymethyl-l JftT-imidazo[4,5-c]quinolin-l-

yl)butane-l-sulfonamide (986 mg, 2.10 mmol,1.0 eq) in chloroform (21 mL). After 45

minutes analysis by TLC indicated that the oxidation was complete. Concentrated

15 ammonium hydroxide (2 mL) and tbsyl chloride (943 mg, 1.25 eq.) were added with

vigorous stirring. After 30 minutes analysis by TLC indicated that the reaction was

complete. After 1 hour the reaction mixture was partitioned between chloroform (200

mL) and water (60 mL). The aqueous layer was back extracted with chloroform (50 mL).

The combined organics were dried over magnesium sulfate and concentrated under

20 reduced pressure to provide^ .38 g of crude product as a brown foam. This material was

purified by HPFC (silica gel eluting with 0-25% CMA in chloroform for 12 column

volumes and then with 25% CMA in chloroform for 6 column volumes) followed by

trituration with chloroform to provide 207 mg of a white solid. This material was

dissolved in hot 9/1 methanol/chloroform (400 mL) and then concentrated under reduced

25 pressure to provide 130 mg of7V^(4-methoxyphenyl) 4-(4-amino-2-ethoxymethyl-liif-

imidazo[4,5-c]quinolin-l-yl)butane-l-sulfonamide as a tan powder, mp 229-230°C.
]H

NMR (300 MHz, DMSO-d6): 5 9.48 (br s, 1H), 8.01 (d, J=7.9 Hz, 1H), 7.61 (dd
5
J=1.0,

8.3 Hz, 1H), 7.45 (m, 1H), 7.25 (m, 1H), 7.10 (m, 2H), 6.85 (m, 2H), 6.61 (br s, 2H)
5
4.75

(s
5
2H), 4.57 (t, J=6.8 Hz, 2H), 3.70 (s, 3H), 3.52 (q, J=7.0 Hz, 2H), 3.03 (m, 2H), 1.87 (m,

30 4H), 1.11 (t, J=7.0 Hz, 3H); MS (APCI) m/z 484 (M+H)+ ; Anal, calcd for C24H29N5O4S:

C, 59.61; H, 6.04; N, 14.48. Found: C, 59.43; H, 6.41; N, 14.31.
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Example 9

2-Ethoxymethyl- 1 -[4-(4-morpholine-4-sulfonyl)butyl] -liWmidazo[4,5-c]quinoline-4-

amine

5

Part A
Morpholine (0.54 mL5 1.2 eq.) was added to a stirred solution of 4-(2-

ethoxymethyl-liWmidazo[4,5-c]qum^ chloride (1.95 g, 5.0

rnmol, 1.0 eq.) in pyridine (20 mL). The reaction mixture was stirred at ambient

10 temperature for 1 .5 hours and then concentrated under reduced pressure. The residue was

dissolved in dichloromethane (300 mL) and washed with aqueous 50% sodium

bicarbonate. The aqueous layer was back extracted with dichloromethane (100 mL). The

combined organics were dried over magnesium sulfate and concentrated under reduced

pressure to provide 1 .39 g of crude product as a brown oil. The oil was purified by HPFC

15 (silica gel eluting with 0-20% CMA in chloroform for 8 column volumes and then with

20% CMA in chloroform for 5 column volumes) to provide 1.05 g of 2-ethoxymethyl-l-

[4-(4-morpholine-4-sulfonyl)butyl]-lif-imidazo[4 5
5-c]quinoline as a light yellow foam.

PartB

20 3-Chloroperoxybenozic acid (711 mg of77% max, 1.2 eq.) was added to a stirred

solution ofthe material from Part A (1 .0 eq) in chloroform (24 mL). After 45 minutes

concentrated ammonium hydroxide (2.4 mL) and tosyl chloride (573 mg, 1.25 eq.) were

added with vigorous stirring. After 10 minutes analysis by TLC indicated that the reaction

was complete. After 1 hour the reaction mixture was partitioned between chloroform (100

25 mL) and water (50 mL) containing 10% sodium hydroxide (3 mL), aqueous pH -1 1 . The

organic layer was dried over magnesium sulfate and concentrated under reduced pressure
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to provide 1 .7 g of crude product as a brown foam. This material was purified by HPFC

(silica gel eluting with 0-20% CMA in chloroform for 12 column volumes and then with

20% CMA in chloroform for 6 column volumes) followed by trituration with ethyl acetate

to provide 695 mg of a white solid. This material was dissolved in chloroform (200 mL),

washed with 10% sodium hydroxide (-15 mL), dried over magnesium sulfate, and

concentrated under reduced pressure. The residue was triturated with 10% sodium

hydroxide, isolated by filtration, washed with water (2x4 mL), and dried under vacuum

to provide 624 mg of a tan solid. This material was purified by HPFC (silica gel eluting

with 10-20% CMA in chloroform for 5 column volumes and then with 20% CMA in

chloroform for 7 column volumes) to provide 410 mg of a white solid. This material was

triturated with ethyl acetate (~7 mL), isolated by filtration, rinsed with ethyl acetate (2x2

mL), and dried under vacuum [0.10 Torr, (13 Pa)] at 60°C over the weekend to provide

365 mg of 2-ethoxymethyl-l-[4-(4-morpholine-4-sulfonyl)butyl]-17?-imidazo[4,5-

c]quinoline-4-amine as a white powder, 206-208°C.
!H NMR (300 MHz, DMSO-d6): 5

8.08 (d, J-7.8 Hz, 1H), 7.62 (dd, J=1.0, 8.3 Hz, 1H), 7.45 (m, 1H), 7.27 (m, 1H), 6.59 (br

s, 2H), 4.78 (s, 2H), 4.63 (t, J=7.3 Hz, 2H), 3.59 (m, 6H), 3.13 (m, 6H), 2.00 (m, 2H), 1.87

(m, 2H), 1.18 (t, J-7.0 Hz, 3H); MS (APCI) m/z 448 (M+H)+ ; Anal, calcd for

C21H29N5O4S: C, 56.36; H, 6.53; N, 15.65. Found: C, 56.13; H, 6.62; N, 15.47.

Example 10

iV-Methyl 4-(4-ammo-2-ethoxymethyl-1/f-imidazo[4,5-c]quinolin-l-yl)butane-1-

Part A
Methylamine hydrochloride (2.2 eq) was added to a mixture of4-(2-ethoxymethyl-

liy-imidazo[4
3
5-c]quinolin~l~yl)butane-l-sulfonyl chloride (2 g, 5.23 mmol, 1 eq.) and

sulfonamide

111



WO 2005/066169 PCT/US2004/043447

dichloromethane (20 mL). Aqueous potassium carbonate (2 mL of 6M, 2.2 eq.) was

added and the reaction mixture was stirred overnight. The reaction mixture was diluted

with water (10 mL). The organic layer was separated, washed sequentially with water (2 x

10 mL) and brine, dried over magnesium sulfate, and concentrated under reduced pressure

5 to provide 1.39 g ofTV-methyl 4-(2-ethoxymethyl-l//-imidazo[4 ?5-c]quinolin-l-yl)butane-

1 -sulfonamide.

PartB

3-Chloroperoxybenzoic acid (1.08 g of 65%, 1.1 eq.) was added in portions to a

10 solution of the material from Part A in dichloromethane (15 mL). After 45 minutes

concentrated ammonium hydroxide (5 mL) was added. Tosyl chloride (1.58 g, 1.1 eq.)

was added in portions and the reaction mixture was allowed to stir for 2 hours. The pH

was adjusted to pH 8 by the addition of hydrochloric acid (6M). The reaction mixture was

filtered to remove solids. The organic layer was concentrated under reduced pressure to

1 5 provide 2 g of crude product as a black oil. This material was purified by

chromatography. The residue was recrystallized from toluene containing activated

charcoal then dried under vacuum with heating to provide 0.18 g ofTV-methyl 4-(4-amino-

2-ethoxymethyl-li7-imidazo[4,5-c]quinolin-l-yl)butane-l-sulfonamide as yellow

granules, mp 170.0-172.0 °C.
!HNMR (300 MHz, DMSO d6) 5 8.06 (d, J = 7.6 Hz, 1H),

20 7.61 (dd, J = 8.2, 0.9 Hz, 1H), 7.45 (m, 1H), 7.27 (m, 1H), 6.89 (q, J = 4.9 Hz, 1H), 6.58

(s, 2H), 4.78 (s, 2H), 4.60 (t, J = 7.5 Hz, 2H), 3.57 (q, J = 7.0 Hz, 2H), 3.07 (t, J - 7.5 Hz,

2H), 2.56 (d, J = 4.9 Hz, 3H), 1.98 (m, 2H), 1.84 (m, 2H), 1.17 (t, J = 7.0 Hz, 3H); MS
(APCI) m/z 392 (M + H)

+
; Anal. Calcd for C18H25N5O3S: C, 55.22; H, 6.44; N, 17.89.

Found: C, 55.16; H, 6.56; N, 17.78.
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Example 1

1

Af,iV-Dimethyl 4-(4-amino-2-ethoxymethyl- lii/-imidazo [4,5-c]quinolin- 1 -yl)butane-l -

sulfonamide

NHL

O

PartA
Dimethylamine hydrochloride (0.65 g, 2.2 eq) was added to a mixture of 4-(2-

ethoxymethyl-liWmidazo[4,5-c]quin^ chloride (1.4 g, 3.6

mmol, 1 eq.) and dichloromethane (15 mL). Aqueous potassium carbonate (2 mL of 6M,

10 2.2 eq.) was added and the reaction mixture was stirred overnight. The reaction mixture

was diluted with water (10 mL). The organic layer was separated, washed sequentially

with water (2x10 mL) and brine, dried over magnesium sulfate, and concentrated under

reduced pressure to provide 1.26 g of N-dimethyl 4-(2-ethoxymethyHi7-imidazo[4,5-

c] quinolin-1 -yl)butane-l -sulfonamide.

15

PartB

3-Chloroperoxybenzoic acid (1.23 g of 65%, 1.1 .eq.) was,added in portions to a

solution ofthe material from Part A in dichloromethane (1 6 mL). After 30 minutes

additional 3-chloroperoxybenzoic acid (0.1 g) was added and the reaction mixture was

20 allowed to stir overnight. Concentrated ammonium hydroxide (5 mL) was added. Tosyl

chloride (4.9 g, 1.1 eq.) was added in portions and the reaction mixture was allowed to stir

for 2 hours. The reaction mixture was diluted with water (100 mL) and dichloromethane

(50 mL). The organic layer was separated and concentrated under reduced pressure to

provide 2.6 g of crude product as a brown oil. This material was purified by

25 chromatography (silica gel eluting with 5% methanol in dichloromethane). The product

was further purified by HPFC (silica gel eluting with 5% methanol in ethyl acetate) to

provide 0.3 g of a solid. This material was recrystallized from toluene and then dissolved
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in hot methanol. The methanol was removed under vacuum to provide 0.17 g ofN,N-

dimethyl 4-(4-amino-2-ethoxymethyl-liWmidazo[4,5-c]quinolin- 1 -yl)butane- 1 -

sulfonamide as a light yellow powder, mp 173.0-174.0 °C.
XHNMR (300 MHz, DMSO

d6) 8 8.07 (d, J = 7.4 Hz, 1H), 7.62 (dd, J = 8.3, 1.1 Hz, 1H), 7.45 (m, 1H), 7.27 (m, 1H),

6.59 (s, 2H), 4.78 (s, 2H) ?
4.62 (t, J = 7.5 Hz, 2H), 3.57 (q, J = 7.0 Hz, 2H), 3.09 (t, J = 7.5

Hz, 2H), 2.74 (s, 6H), 1.99 (m, 2H), 1.86 (m, 2H), 1.17 (t, J = 6.9 Hz, 3H); MS (APCI)

m/z 406 (M + H)
+

; Anal. Calcd for C19H27N5O3S: C, 56.28; H, 6.71; N, 17.27. Found: C,

55.90; H, 6.44; N, 17.17.

Example 12

2-Ethoxymethyl-l -[4-(piperi

NH0

Piperidine (0.71 mL, 1.1 eq.) was added to a mixture of 4-(2-ethoxymethyl~ 1//-

imidazo[4,5-c]quinolin-l-yl)butane-l-sulfonyl chloride (2.5 g, 6.5 mmol, 1 eq.) and

dichloromethane (25 mL). Aqueous potassium carbonate (2 mL of6M, 2.2 eq.) was

added and the reaction mixture was stirred for 2 days. The organic layer was separated

and concentrated under reduced pressure to provide 2.4 g of crude product as a brown oil.

The oil was purified by HPFC (silica gel eluting with 10% CMA in chloroform) to provide

2 g of 2-ethoxymethyl- 1-[4-(piperidine- 1 -sulfonyl)butyl] -177-imidazo [4,5-c] quinoline.

3-Chloroperoxybenzoic acid (1.35 g of 65%, 1.1. eq.) was added to a solution of

the material from Part A (1.0 eq.) in chloroform (20 mL). The reaction mixture was

stirred until analysis by HPLC indicated that the oxidation was complete. Concentrated

ammonium hydroxide (6 mL) was added and a precipitate formed. Tosyl chloride (1.05 g,

O

Part A

Part B
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1 .2 eq.) was added in portions with vigorous stirring. The reaction mixture was stirred

until analysis indicated that it was complete. The reaction mixture was diluted with

dichloromethane (50 mL). The layers were separated and the aqueous layer was extracted

with dichloromethane (3x30 mL). The combined organics were washed sequentially

5 with water and brine, dried over magnesium sulfate, and concentrated under reduced

pressure to provide 0.6 g of a brown oil. The oil was purified by HPFC (silica gel eluting

with a gradient of 10-18% CMA in chloroform, 1200 mL total) followed by

recrystallization from 1,2-dichloroethane to provide 80 mg of 2-ethoxymetliyl-l-[4-

(piperidine-l-sulfonyl)butyl]-li/-imidazo[4?5-c]quinoline-4-amine as a white powder, mp

10 185.0 -188.0°C. *HNMR (300 MHz, DMSO d6) 8 8.07 (d, J = 7.7 Hz, 1H), 7.61 (dd, J =

8.3, 1.1 Hz, 1H), 7.45 (m, 1H), 7.26 (m, 1H), 6.61 (s, 2H), 4.78 (s, 2H), 4.62 (t, J = 7.3 Hz,

2H), 3.57 (q, J = 7.0 Hz, 2H), 3.08 (m, 6H), 1.98 (m, 2H), 1.84 (m, 2H), 1.48 (m, 6H),

1.17 (t, J = 7.0 Hz, 3H); MS (APC1) m/z 446 (M + H)+ ; Anal. Calcd for C22H31N5O3S: C,

59.30; H, 7.01; N, 15.72. Found: C, 59.05; H, 7.35; N, 15.62.

15

Example 13

7V-Cyclohexyl 4-(4-amino-2-ethoxymethyl-li?-imidazo[4,5-c]quinolin-l -yl)butane-l -

sulfonamide

20

PartA
Cyclohexylamine (1.48 g, 2.2 eq.) was added to a mixture of 4-(2-ethoxymethyl-

lif-imidazo[4,5-c]quinolin-l-yl)butane-l-sulfonyl chloride (2.6 g, 6.8 mmol, 1 eq.) and

dichloromethane (25 mL). Aqueous potassium carbonate (2 mL of 6M, 2.2 eq.) was

25 added and the reaction mixture was stirred for 2 hours. The reaction mixture was diluted

with water (10 mL) and dichloromethane (25 mL). The organic layer was separated,

washed sequentially with water (2x10 mL) and brine, dried over magnesium sulfate, and
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concentrated under reduced pressure. The residue was purified by HPFC (silica gel

eluting with 2% methanol in chloroform) to provide 2 g of7V-cyclohexyl 4-(2-

ethoxymethyl-li7-imidazo[4?
5-c]quinoHn-l-yl)butane-l--sulfonamide.

PartB

3-Chloroperoxybenzoic acid (2 g of 65%, 1.1. eq.) was added to a solution of the

material from Part A (1.0 eq.) in dichloromethane (20 mL). The reaction mixture was

stirred for 1 hour. Concentrated ammonium hydroxide (6 mL) was added. Tosyl chloride

(1.03 g, 1.2 eq.) was added in portions with vigorous stirring and the reaction mixture was

allowed to stir for 4 hours. The pH was adjusted to pH 8 by the addition ofhydrochloric

acid (6M). The reaction mixture was filtered to remove solids. The organic layer was

concentrated under reduced pressure to provide 2.2 g of crude product as a light brown oil.

The oil was purified byHPFC (silica gel eluting with 3% CMA in chloroform) followed

by recrystallization from ethanol to provide 0.88 g of7V-cyclohexyl 4-(4-amino-2-

ethoxymethyl-lJy4mida2:o[4?
5-c]quinolin-l-yl)butane-l -sulfonamide as alight yellow

powder, mp 197.0-198.0 °C.
XHNMR (300 MHz, DMSO d6) 5 8.04 (d, J = 7.8 Hz, 1H),

7.62 (dd, J = 8.2, 0.9 Hz, 1H), 7.45 (dd, J - 7.8, 0.7, Hz, 1H), 7.26 (dd, J = 8.0, 1 .0 Hz,

1H), 7.03 (d, J = 7.6 Hz, 1H), 6.59 (s, 2H), 4.78 (s, 2H), 4.60 (t, J = 7.4 Hz, 2H), 3.56 (q, J

= 7.0 Hz, 2H), 3.04 (t, J - 7.5 Hz, 3H), 1.98 (m, 2H), 1.79 (m, 4H), 1.63 (m, 2H), 1.50 (m,

1H), 1.17 (t, J - 6.9 Hz, 3H), 1.13 (m, 5H); MS (APCI) m/z 460 (M + H)
+

; Anal. Calcd for

C23H33N5O3S: C, 60.11; H, 7.24; N, 15.24. Found: C, 59.83; H, 7.07; N, 15.06.

Example 14

iV-Butyl 4-(4-amino-2-ethoxymethyl- lif-imidazo [4,5 -c]quinolin- 1-yl)butane- 1 -

sulfonamide
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Part A
Butylamine (0.71 mL, 1.1 eq.) was added to a mixture of 4-(2-ethoxymethyl~li7-

imidazo[4 ?
5-c]quinolin-l-yl)butane-l-sulfonyl chloride (2.5 g, 6.5 mmol, 1 eq.) and

dichloromethane (25 mL). Aqueous potassium carbonate (2.0 mL of 6M, 2.2 eq.) was

5 added and the reaction mixture was stirred overnight. The organic layer was decanted

away from the salts and concentrated under reduced pressure. The residue was purified by

HPFC (silica gel eluting with 2% methanol in chloroform) to provide 2 g ofiV-butyl 4-(2-

ethoxymethyl-li7-imidazo[4?
5-c]quinolin--l-yl)butane-l-sulfonamide.

10 PartB

3-Chloroperoxybenzoic acid (1.39 g of 65%, 1.1. eq.) was added to a solution of

the material from Part A (1 .0 eq.) in chloroform (20 mL). The reaction mixture was

stirred for 2 hours then additional 3-chloroperoxybenzoic acid (0.1 eq.) was added and the

reaction mixture was stirred overnight. Concentrated ammonium hydroxide (6 mL) was

15 added and a precipitate formed. Tosyl chloride (1.14 g, 1.2 eq.) was added in portions

with vigorous stirring. The reaction mixture was stirred for 4 hours and then diluted with

dichloromethane (60 mL) and water (20 mL). The organic layer was washed sequentially

with 10% sodium hydroxide and brine, dried over magnesium sulfate, and concentrated

under reduced pressure to provide 1.8 g of crude product as a foam. The foam was

20 purified by HPFC (silica gel eluting with 14% CMA in chloroform) to provide a pale

yellow solid. This material was recrystallized from ethanol and dried under vacuum at 50

°C for 4 hours to provide 0.6 g ofJV-butyl 4-(4-amino-2-ethoxymethyl-liif-iniidazo[4,5-

c]quinolin-l-yl)butane-l-sulfonamide as a white powder, mp 148.0-149.0 °C.
!HNMR

(300 MHz, DMSO d6) S 8.05 (d, J = 8.0 Hz, 1H), 7.61 (dd, J = 8.3, 1.0 Hz, 1H), 7.45 (m,

25 1H), 7.27 (m, 1H), 7.02 (t, J = 5.9 Hz, 1H), 6.61 (br s, 2H), 4.78 (s, 2H), 4.60 (t, J = 7.5

Hz, 2H), 3.56 (q, J = 7.0 Hz, 2H), 3.05 (t, J = 7.5 Hz, 2H), 2.88 (q, J = 6.5 Hz, 2H), 1.97

(m, 2H), 1.84 (m, 2H), 1.40 (m, 2H), 1.29 (m, 2H), 1.17 (t, J = 7.0 Hz, 3H), 0.85 (t, J = 7.2

Hz, 3H); MS (APCI) m/z 434 (M + H)
+

; Anal. Calcd for C21H31N5O3S: C, 58.17; H, 7.21;

N, 16.15. Found: C, 58.23; H, 7.28; N, 16.16.

30
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Example 15

N,N-Dimethyl 3
-[2-(4-amino-2-ethoxymethyl- 1#-imidazo[4,5-c]quinolin- 1 -

yl)ethoxy]propane- 1 -sulfonamide

Part A
Triethylamine (46.8 mL, 3.5 eq.) and 4-chloro-3-ni1roquinoline (20.0 g, 95.9

mmol, 1.0 eq) were added sequentially to a stirred mixture of 3-(2-aminoethoxy)propanol

(29.9 g, 2.0 eq.) and dichloromethane (320 mL). The reaction mixture was stirred for 1

hour at which time analysis by TLC showed that all of the starting material had been

consumed. The reaction mixture was diluted with dichloromethane (250 mL) and washed

with water (300 mL). The organic layer was dried over magnesium sulfate and

concentrated under reduced pressure to provide 32 g of crude product as a yellow oil. The

oil was dissolved in chloroform and filtered through a plug of silica gel (300 g) eluting

sequentially with chloroform (100 mL) and 2/98 methanol/chloroform (2 L) to provide

25.78 g of 3-{2-[(3-nitroquinolin-4-yl)amino]ethoxy}propanol as a yellow solid.

Part B

Thionyl chloride (3.43 mL, 1.1. eq.)) was added dropwise to a mixture of 3-{2-[(3-

nitroquinolin-4-yl)amino]ethoxy}propanol (12.46 g, 42.77 mmol, 1.0 eq.) in

dichloromethane (143 mL). A solution resulted and it was stirred for 20 hours. The

reaction mixture was diluted with dichloromethane (250 mL) and then quenched with 50%

sodium bicarbonate (-250 mL). The organic layer was dried over magnesium sulfate and

concentrated under reduced pressure to provide 9.39 g ofN-[2-(3-chloropropoxy)ethyl]-3-

nitroquinolin-4-amine as a yellow oil which slowly solidified.
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PartC

Acetonitrile (50 raL) was added with stirring to a suspension ofthe material from

Part B (1 .0 eq.) in warm ethanol (1 00 mL) to provide a solution. A solution of sodium

dithionite (26.30 g of 85%, 5.0 eq.) in water (100 mL) was added. An exotherm was

5 observed (37 °C) and a white precipitate formed. The reaction mixture was stirred

vigorously for 30 minutes and then filtered. The filter cake was washed with acetonitrile

(2 x 30 mL). The filtrate was concentrated under reduced pressure. The residue was

partitioned between dichloromethane (350 mL) and aqueous saturated sodium bicarbonate

(200 mL); aqueous pH -7). The aqueous was back extracted with dichloromethane (4 x

10 75 mL). The combined organics were dried over magnesium sulfate and concentrated

under reduced pressure to provide 7.28 g ofA^-[2-(3-chloropropoxy)ethyl]quinoline-3 ?
4-

diamine as a yellow oil.

PartD

15 Ethoxyaeetyl chloride (2.93 mL, 1.1 eq.) was added dropwise to a stirred solution

ofthe material from Part C (1 .0 eq.) in dichloromethane (130 mL). After 1 hour the

reaction mixture was concentrated under reduced pressure to provide JV-{4-[2-(3-

chloropropoxy)ethylamino]quinoline-3-yl}--2"-ethxoyacetamide as a yellow foam.

20 PartE

Sodium hydroxide (19.5 mL of2M, 1.5 eq.) was added to a stirred solution of the

material from Part D in ethanol (130 mL). The reaction mixture was warmed to 50 °C and

stirred for 1 .5 hours at which time analysis by TLC indicated that the reaction was

complete. The reaction mixture was cooled to ambient temperature and then concentrated

25 under reduced pressure. The residue was partitioned between dichloromethane (250 mL)

and water (75 mL). The aqueous was back extracted with dichloromethane (50 mL). The

combined organics were washed with brine (50 mL), dried over magnesium sulfate, and

concentrated under reduced pressure to provide 8.40 g of crude product as an oil. The oil

was purified by HPFC (silica gel eluting with 0-20% CMA in chloroform for 5 column

30 volumes and then 20% CMA in chloroform for 4 column volumes) to provide 7.64 g of 1-

[2-(3-chloropropoxy)ethyl]-2-ethoxymethyl-liy-imidazo[4,5-c]quinoline as a yellow oil.
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PartF

Potassium thioacetate (1.01 g, 1.1 eq.) was added to a stirred solution of l-[2-(3-

chloropropoxy)ethyl]-2-eth^^ (2.80 g, 8.05 mmol,

1 .0 eq.) in DMF (16 mL). The resulting suspension was stirred vigorously overnight.

Additional potassium thioacetate (0.1 eq.) was added and the reaction mixture was stirred

for another 2 hours. The reaction mixture was concentrated under reduced pressure. The

residue was diluted with dichloromethane (250 mL) and washed sequentially with water

(75 mL) and hrine (100 mL). The organic layer was dried over magnesium sulfate and

concentrated under reduced pressure to provide 3.07 g of S-{3-[2-(2-ethoxymethyHiy-

imidazo[4?
5-c]quinolin-l-yl)ethoxy}propyl thioacetate as a light yellow solid.

Part G

A stined solution of the material from Part F (1 .0 eq.) in methanol (40 mL) was

degassed with nitrogen for a few minutes. Sodium methoxide (4.0 mL of 25 wt% in

methanol, 2.2 eq.) was added and the degassing was continued for a few more minutes.

After 1 hour the reaction mixture was concentrated under reduced pressure. The residue

was diluted with dichloromethane (200 mL) and water (100 mL) and the pH was adjusted

to pH~7 with 2M hydrochloric acid. The layers were separated and the aqueous layer was

back extracted with dichloromethane (50 mL). The combined organics were dried over

magnesium sulfate and concentrated under reduced pressure to provide 2.80 g of crude

product as a yellow oil. The oil was purified by HPFC (silica gel eluting with 0-20%

CMA in chloroform over 5 column volumes then with 20% CMA in chloroform for 5

column volumes) to provide 2.39 g of 3 -[2~(2-ethoxymethyl- 1/f-imidazo[4,5-c]quinolin- 1 -

yl)ethoxy]propane-l -thiol as a yellow oil.

PartH

A solution of sodium chlorate (953 mg?
1.3 eq.) in water (1.5 mL) was added

dropwise over a period of-30 seconds to a chilled (0 °C) solution of the material from

Part G (1.0 eq) in hydrochloric acid (17 mL of7M). The reaction mixture was stirred for

90 minutes and then degassed with nitrogen for a few minutes. Dichloromethane (60 mL)

was added followed by the dropwise addition of aqueous potassium carbonate (10 mL of

6M). The reaction mixture was allowed to warm to ambient; the aqueous layer was pH~2.
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The reaction mixture was poured into dichloromethane (150 mL) and water (60 mL) and

the pH was adjusted to pH 4 with 6M potassium carbonate. The layers were separated and

the aqueous layer was back extracted with dichloromethane (50 mL). The combined

organics were dried over magnesium sulfate and concentrated under reduced pressure to

5 provide 2.25 g of 3-[2-(2-ethoxymethyl-li7-imidazo[4?5-c]quinolin-l-yl)ethoxy]propane-.

1-sulfonyl chloride as a light yellow oil.

Parti

Dimethylamine hydrochloride (935 mg, 2.1 eq.) was added to a stirred solution of

10 the material from Part H (1.0 eq.) in dichloromethane (27 mL). Aqueous potassium

carbonate (2.0 mL of6M? 2.2 eq.) was added and a white precipitate formed. Analysis by

TLC indicated that the reaction was complete in 10 minutes. After 1 hour the reaction

mixture was diluted with dichloromethane (125 mL) and washed with water (40 mL). The

organic layer was dried over magnesium sulfate and concentrated under reduced pressure

15 to provide 2.03 g of crude product as a yellow oil. The oil was purified by HPFC (silica

gel eluting with 0-20% CMA in chloroform over 9 column volumes then with 20% CMA
in chloroform for 4 column volumes) to provide 1.46 g ofJV,iV-dimethyl 3-[2-(2-

ethoxymethyl-li^-imidazo^ as a

yellow oil.

20

Part J

3-Chloroperoxybenzoic acid (1.02 g of70%, 1.2 eq.) was added to a stirred

solution of the material from Part I in chloroform (17 mL). After 1 hour concentrated

ammonium hydroxide (3 mL) and tosyl chloride (822 mg, 1.25 eq.) were added

25 sequentially with vigorous stirring. After 10 minutes analysis by TLC indicated that the

reaction was nearly complete. After 1 hour the reaction mixture was partitioned between

chloroform (100 mL) and water (50 mL) containing 10% sodium hydroxide (3 mL);

aqueous pH —1 1 . The organic layer was dried over magnesium sulfate and concentrated

under reduced pressure to provide 1 .7 g of crude product as a brown foam. The foam was

30 purified by HPFC (silica gel eluting with 0-20% CMA in chloroform over 12 column

volumes then with 20% CMA in chloroform over 6 column volumes) to provide 0.847 g

of a light brown foam. The foam was warmed in hexanes (-15-20 mL) until the foam
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started to melt. An equal volume of dichloromethane was added with swirling until solids

formed. The mixture was triturated until all of the oily material was solidified. The solids

were isolated by filtration, rinsed with 3/1 hexanes/ dichloromethane (2x3 mL), and dried

under vacuum [0. 1 Torr (1 3 Pa.)] at 40 °C for 3 days to provide 614 mg ofiV^-dimethyl

3_[2-(4-amino-2-ethoxymethyM

sulfonamide as a white powder, mp 61-64°C. *HNMR (300 MHz, DMSO-d6): 5 8.13 (d,

J=7.6 Hz, 1H) 5 7.61 (dd, J=1.0, 8.3 Hz, 1H), 7.44 (m, 1H), 7.24 (m, 1H)> 6.57 (br s, 2H),

4.83 (t, J-5.3 Hz, 2H), 4.79 (s, 2H), 3.87 (t, J=5.4 Hz, 2H), 3.56 (q, J=7.0 Hz, 2H), 3.42 (t,

J=6.1 Hz, 2H), 2.79 (m, 2H), 2.63 (s, 6H), 1.75 (m, 2H), 1.17 (t, J=7.0Hz, 3H); MS

(APCI) m/z 436 (M+H)+ ; Anal, calcd for C20H29N5O4S: C, 55.15; H, 6.71; N, 16.08.

Found: C, 54.94; H, 7.00; N, 16.00.

Example 16

TV-Methyl 5-(4-amino-2-ethoxymethyl-lif-imidazo[4,5-c]quinolin-l-yl)pentane-l-

sulfonamide

^NH

Part A
Triethylamine (26.68 g, 1.1 eq.) was added to a suspension of 4-chloro-3-

nitroquinoline (50 g, 240 mmol, 1.0 eq.) in dichloromethane (500 mL) and all of the solids

dissolved. A solution of 5-aminopentanol (27.2 g, 1.1 eq.) in dichloromethane (100 mL)

was added dropwise over a period of 30 minutes. The reaction mixture was stirred

overnight and then concentrated under reduced pressure to a volume of-200 mL. Ice

water was added and the mixture was triturated for about an hour. Hydrochloric acid (10

%) was added to lower the pH from 10 to -7 and a precipitate formed. The mixture was

stirred for about 1 hour. The solid was isolated by filtration and air dried to provide 59 g

of 5-[(3-nitroquinolin-4-yl)atnino]pentanol.
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PartB

A solution ofthionyl chloride (20 mL, 1.1 eq) in dichloromethane (50 mL) was

added dropwise with stirring to a chilled (0 °C) suspension of 5-[(3-nitroquinolin-4-

yl)amino]pentanol (50.4 g, 183 mmol,1.0 eq.) in dichloromethane (300 mL). The reaction

mixture was stirred for 3 hours and then filtered to remove solids. The pH of the filtrate

was adjusted to 7-8 with aqueous 5% sodium carbonate. The layers were separated. The

aqueous layer was back extracted with dichloromethane (6 x 20 mL). The combined

organics were washed sequentially with water and brine, dried over magnesium sulfate,

and concentrated under reduced pressure to provide 47.4 g ofN-(5-chloropentyl)-3-

nitroquinolin-4-amine

.

PartC

A mixture of the material from Part B, catalyst (5% platinum on carbon), and

acetonitrile (1.5 L) was hydrogenated on a Parr apparatus until analysis by TLC indicated

that the reaction was complete. The reaction mixture was filtered to remove the catalyst

and the filtrate was concentrated under reduced pressure to provide 39.8 g of jV*-(5-

chloropentyl)quinoline-3,4-diamine as a yellow brown oil.

PartD

Ethoxyacetyl chloride (21.66 g, 1.1 eq.) was added dropwise over a period of 15

minutes to a chilled (0 °C) solution of the material from Part C (1 .0 eq.) in

dichloromethane (400 mL). The reaction mixture was allowed to warm to ambient

temperature overnight and then was concentrated under reduced pressure to provide 51.7 g

ofiV-[4-(5-chloropentyl)aminoquinolin-3-yl]-2-ethoxyacetamide.

PartE

A solution of the material from PartD (1 .0 eq.) in ethanol and sodium hydroxide

(82 mL of2M) was heated to 60 °C. After 4 hours analysis by HPLC indicated that the

reaction was complete and the reaction mixture was concentrated under reduced pressure.

The residue was combined with dichloromethane (200 mL) and then filtered to remove
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solids. The filtrate was concentrated under reduced pressure to provide 45.1 g of l-(5-

chloropentyl)-2-ethoxymethyl-liy-imidazo[4 ?
5-c]quinoline as a dark oil.

PartF

5 A mixture of the material from Part E (1.0 eq.), potassium thioacetate (18.2 g, 1.1

eq.), and DMF (100 mL) was stirred at ambient temperature overnight. The reaction

mixture was partitioned between dichloromethane (300 mL) and cold water (100 mL).

The organic layer was washed with water (8 x 100 mL). The combined aqueous was back

extracted with dichloromethane (50 mL). The combined organics were washed with brine,

10 dried over magnesium sulfate, and concentrated under reduced pressure. The residue was

purified by eluting through a plug of silica gel to provide 50 g of S-[5-(2-ethoxymethyl-

li/-imidazo[4,5-c]quinoline-l-yl)pentyl] thioacetate as a brown oil.

PartG

15 A solution of S-[5-(2-ethoxymethyl-lH-imidazo[4?5-c]quinolin-l-yl)pentyl]

thioacetate (6.4 g, 17.2 mmol, 1 .0 eq.) in methanol (50 mL) was degassed with nitrogen

for about 20 minutes. Sodium methoxide (4.1 g of 25 wt% in methanol, 1.1 eq.) was

diluted with methanol (20 mL) and similarly degassed. The two solutions were combined

and stirred for 1 hour at which time analysis by HPLC indicated that all of the starting

20 material had been consumed. The reaction mixture was concentrated under reduced

pressure. The residue was diluted with dichloromethane (50 mL) and water (30 mL) and

the pH was adjusted to pH 8 with 6M hydrochloric acid. The layers were separated and

the aqueous layer was back extracted with dichloromethane (20 mL). The combined

organics were washed with brine, dried over magnesium sulfate, and concentrated under

25 reduced pressure to provide 5.9 g of 5-[2-(2-ethoxymethyl-li7-imidazo[4,5-c]quinolin-l-

yl)ethoxy]pentane-l -thiol as a yellow green oil.

PartH

A solution of sodium chlorate (1.67 g, 1.3 eq.) in water (3 mL) was added

30 dropwise to a chilled solution of 5-[2-(2-ethoxymethyl-li7-imidazo[4,5-c]quinolin-l-

yl)ethoxy]pentane-l -thiol (4 g, 12 mmol, 1.0 eq.) in hydrochloric acid (50 mL of 6N).

After about an hour the reaction mixture was diluted with dichloromethane (120 ml) and
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then potassium carbonate was added to adjust the aqueous to pH 6. The organic layer was

concentrated under reduced pressure to provide 3.5 g of 5-[2-(2-ethoxymethyl-li7-

imidazo[4 3
5-c]quinolin-l-yl)ethoxy]pentane-l-sulfonyl chloride.

5 Parti

A mixture ofthe material from Part H (1 eq), methylamine hydrochloride (1 .5 g,

2.2.eq.), potassium carbonate (1.53 g, 2.2 eq.) and dichloromethane was stirred overnight.

Additional methylamine hydrochloride (1 eq.) and potassium carbonate (1 eq.) were added

and the reaction mixture was stirred overnight. The reaction mixture was combined with

10 that from another run and then diluted with sufficient water to dissolve the salts that were

present. The organic layer was concentrated under reduced pressure to provide 3.65 g of

iV-methyl 5-(2-ethoxymethyl-l#-imidazo[4^^ as

an oil.

15 Part J

3-Chloroperoxybenzoic acid (2.61 g of 65%, 1.1 eq.) was added in portions to a

stirred solution of the material from Part I (1 eq.) in dichloromethane (20 mL). After 2

hours additional 3-chloroperoxybenzoic acid (0.6 eq) was added and the reaction mixture

was stirred for 45 minutes. The reaction mixture was diluted with water (15 mL). The

20 aqueous layer was back extracted with dichloromethane (5 mL). The combined organics

were washed with brine, dried over magnesium sulfate, and then concentrated under

reduced pressure. Ammonium hydroxide (5 mL of 1 8M) was added to the residue. Tosyl

chloride (2.04 g, 1.2 eq.) was added in portions and the reaction mixture was stirred

overnight. The reaction mixture was diluted with dichloromethane (100 mL). The

25 aqueous layer was back extracted with dichloromethane (20 mL). The combined organics

were washed sequentially with water and brine, dried over magnesium sulfate, filtered,

and then concentrated under reduced pressure to provide a tan solid. The solid was

recrystallized from toluene, isolated by filtration, rinsed with toluene, and dried under

vacuum overnight to provide 1.7 g ofTV-methyl 5-(4-amino-2~ethoxymethyl-li7-

30 imidazo[4,5-c]quinolin-l~yl)pentane-l-sulfonamide as yellow granules, mp 175.0-

179.0°C. *HNMR (300 MHz, DMSO d6) 8 8.02 (d, J = 8.0 Hz, 1H), 7.62 (dd, J = 8.3, 0.7

Hz, 1H), 7.45 (t, J - 7.5 Hz, 1H), 7.28 (m, 1H)
5
6.85 (q, J = 4.9 Hz, 1H), 6.60 (s, 2H), 4.78
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(s, 2H), 4.56 (t, J = 7.5 Hz, 2H), 3.56 (q, J = 6.9 Hz, 2H), 3.01 (t, J = 7.5 Hz, 2H), 2.54 (d,

J - 4.8 Hz, 3H), 1.89 (m, 2H), 1.70 (m, 2H), 1.58 (m, 2H), 1.16 (t, J - 6.9 Hz, 3H); MS

(APCT) m/z 406 (M + H)
+

; Anal. Calcd for C^v^OsS: 56.28; H5 6.71; N, 17.27.

Found: C, 55.97; H, 6.78; N, 17.10.

5

Example 17

A^,Ar-Dimethyl 5-(4-amino-2-e1hoxyme^

sulfonamide

10

Part A
Dimethylamine hydrochloride (1.61 g, 2.2 eq.) and a solution ofpotassium

carbonate (1.36 g, 2.2 eq) in water (1 mL) were added sequentially to a solution of 5-[2-(2-

ethoxymethyl-liy-imidazo[4>
5-c]quinolin-l-yl)ethoxy]pentane-l-sulfonyl chloride (3.5 g,

15 8.9 mmol, 1 eq) in dichloromethane (60 mL). The reaction mixture was stirred overnight

and then diluted with water (10 mL). The organic layer was washed with water and then

concentrated under reduced pressure to provide 3.6 g ofiV^iV-dimethyl 5-(2-ethoxymethyl-

177-imidazo[4,5 -c]quinolin- 1 -yl)pentane- 1 -sulfonamide.

20 PartB

3-Chloroperoxybenzoic acid (2.38 g of 65%, 1.1 eq.) was added in portions to a

stirred solution of the material from Part A (1 eq.) in dichloromethane (20 mL). After 3

hours the reaction mixture was diluted with water (15 mL). The aqueous layer was back

extracted with dichloromethane (5 mL). The combined organics were washed with brine,

25 dried over magnesium sulfate, and then concentrated under reduced pressure. Ammonium

hydroxide (5 mL of 18M) was added to the residue. Tosyl chloride (1 .86 g ?
1 .2 eq.) was

added in portions and the reaction mixture was stirred overnight. The reaction mixture
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was diluted with dichloromethane (100 mL). The aqueous layer was back extracted with

dichloromethane (20 mL). The combined organics were washed sequentially with water

and brine, dried over magnesium sulfate, filtered, and then concentrated under reduced

pressure to provide a tan solid. The solid was recrystallized from toluene, isolated by

filtration, rinsed with toluene, and dried under vacuum overnight to provide 1.7 g ofN,N-

dimethyl 5-(4-amino-2-ethoxymethyl^

sulfonamide as a white powder, mp 138.0-142.0°C. *HNMR (300 MHz, CDC13) 5 7.93

(dd, J = 8.3, 0.7 Hz, 1H), 7.82 (dd, J = 8.2, 0.7 Hz, 1H), 7.53 (ddd, J = 8.3, 7.2, 1.2 Hz,

1H), 7.35 (m, 1H), 5.38 (s, 2H), 4.80 (s, 2H), 4.59 (t, J - 7.8 Hz, 2H), 3.62 (q, J = 7.0 Hz,

2H), 2.90 (t, J = 7.5 Hz, 2H), 2.85 (s, 6H), 2.04 (m, 2H), 1.91 (m, 2H), 1.67 (m, 2H), 1.25

(s, J = 6.9 Hz, 3H); MS (APC1) m/z 420 (M + H)
+

; Anal. Calcd for C20H29N5O3S: C,

57.26; H, 6.97; N, 16.69. Found: C, 57.10; H, 7.10; N, 16.58.

A solution ofTV-methyl 4-(4-amino-2~ethoxymethyl-liy-imidazo[4,5-c]quinolin-l-

yl)butane-l -sulfonamide (1.01 g, 2.5 mmol) in trifluoroacetic acid (2 mL) was combined

with a catalytic amount ofplatinum(IV) oxide and hydrogenated on a Parr apparatus until

analysis by HPLC/mass spectroscopy indicated that the reaction was complete. The

reaction mixture was filtered through a layer ofCELITE filter aid. The filter cake was

rinsed with fresh trifluoroacetic acid and the filtrate was concentrated under reduced

pressure to provide 0.8 g of crude product as a dark oil. The oil was suspended in

hydrochloric acid (5 mL) and stirred for about 1 hour. The pH was adjusted to about 7

with 10% sodium hydroxide. The resulting solid was isolated by filtration, recrystallized

from ethanol and then dried under high vacuum at about 78 °C to provide 0.4 g ofN-

Example 18

A/-Methyl4-(4-amino-2-ethoxymethyl-6,7,8,9-tetrahydro-

1iZ-imidazo [4,5 -c]quinolin- 1 -yljbutane- 1 -sulfonamide
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methyl 4-(4-amino-2-ethoxymeto^

yl)butane-l-sulfonamide, mp 188 - 192 °C. Anal, calcd. for C18H29N5O3S: C, 54.66; H,

7.39; N, 17.71. Found: C, 54.42; H, 7.39; N, 17.52.

A mixture of7V,JV-dimethyl 4-(4-amino-2-ethoxymethyl-l Jff-imidazo[4,5-

c]quinolin-l-yl)butane-l -sulfonamide (1.25 g, 3.0 mmol), trifluoroacetic acid (10 mL) and

platinum(IV) oxide (1.22 g) was hydrogenated on a Parr apparatus until analysis by

LC/mass spectroscopy indicated that the reaction was complete. The reaction mixture was

filtered through a layer of CELITE filter aid. The filter cake was rinsed with fresh

trifluoroacetic acid (2 mL) and chloroform (20 mL) and the filtrate was concentrated under

reduced pressure to provide crude product as an oil. The oil was dissolved in concentrated

hydrochloric acid (5 mL) and stirred overnight. The solution was neutralized with 6M

potassium carbonate (6 mL), diluted with dichloromethane (25 mL), adjusted to pH 13

with 10% sodium hydroxide, and then stirred for about 2 hours. The organic layer was

separated and concentrated under reduced pressure. The residue (0.7 g) was purified by

chromatography (silica gel eluting with a gradient of 13 % CMA in chloroform to 28%

CMA in chloroform over 10.6 column volumes) to provide 0.6 g of a white solid. The

white solid was recrystallized from methanol, isolated by filtration, and then dried under

high vacuum to provide 0.4 g of TV-dimethyl 4-(4-amino-2-ethox>rmethyl-6,7
3
8,9-

tetrahydro-liWmidazo[4^ as white needles, mp

165-167 °C. Anal, calcd. for C19H3iN503S: C, 55.72; H, 7.63; N, 17.10. Found: C, 55.84;

H,7.54; N, 17.19.

Example 19

N,N-Dimethyl 4-(4-amino-2-ethoxymethyl-6
37 58,9-tetrahydro-

liT-imidazo[4,5-c]quinolin- 1-yl)butane- 1-sulfonamide

NH.

O
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Example 20

JV-(4-Methoxybenzyl) 4-(4-amino-2-ethoxymet^^

yl)butane- 1 -sulfonamide

The general procedure ofExample 14 was repeated using 4-methoxybenzylamine

in lieu ofbutylamine to provide N-(4-methoxybenzyl) 4-(4-amino-2-ethoxymethyl-li?-

imidazo[4,5-c]quinolin-l-yl)butane-l -sulfonamide, mp 101 °C. Anal, calcd. for

C25H31N5O4S 0.59 H20: C, 59.08; H, 6.38; N, 13.78; Found: C, 59.21; H, 6.74; N, 13.59.

Example 21

4-(4-Amino-2-ethoxymethyl-lf/-imidazo[4,

5

-c]quinolin- 1 -yl)butane- 1-sulfonamide

NH9

A solution ofiV-(4-methoxybenzyl) 4-(4-amino-2-ethoxymethyl-l Jf/-imidazo[4
?
5-

c]quinolin- l-yl)butane-l -sulfonamide (0.81 g) in trifluoroacetic acid (5 mL) was stirred at

ambient temperature imtil analysis by LC/mass spectroscopy indicated that all of the

starting material had been consumed. The reaction mixture was concentrated under

reduced pressure and then placed under high vacuum. The residue was suspended in

concentrated hydrochloric acid (5 mL) and stirred for about 1 hr. The resulting solid was

isolated by filtration, recrystallized from methanol, isolated by filtration, and then dried

under high vacuum at 78 °C to provide 0.28 g of 4-(4-aniino-2-ethoxymethyl-li7-

NK

'2
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imidazo[4 ?
5-c]quinolin-l-yl)butane-l-sulfonaiiiide 5 mp 155-158 °C. Anal calcd. for

Ci7H23N503S: C, 54.09; H, 6.14; N, 18.55 Found: C, 53.86; H, 6.13; N, 18.24.

Example 22

iVL(4-Methoxybenzyl) 5-(4-amino-2-ethoxymethyl-l#-^

yl)pentane- 1 -sulfonamide

NHL

The general procedure ofExample 16 Parts I and J was repeated using 4-

methoxybenzylamine in lieu of methylamine to provide 7V-(4-methoxybenzyl) 5-(4-amino-

2-ethoxymethyl-l#-imidazo^^ mp 177-178 °C.

Anal, calcd. for C26H33N5O4S: C, 61.04; H, 6.50; N, 13.69 Found: C, 61.07; H, 6.74; N,

13.77.

Example 23

5-(4-Amino-2-ethoxymethyl- 1i7-imidazo [45
5-c]quinolin- 1 -yl)pentane- 1 -sulfonamide

H2
N

A solution ofA/"-(4-methoxybenzyl) 5-(4-amino-2-ethoxymethyl-li7-imidazo[4 3
5-

c]quinolin-l-yl)pentane-l -sulfonamide (2.3 g) in trifluoroacetic acid (~ 20 g) was stirred

overnight. A portion (~ 8 mL) was concentrated under reduced pressure. The residue was

partitioned between 6M hydrochloric acid (9 mL) and dichloromethane (30 mL). The
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aqueous layer was chilled in an ice bath and 10% sodium hydroxide was added with

stirring to pH 13. The mixture was stirred for about 1 hr and then the pH was adjusted to

7. The resulting precipitate was isolated by filtration, recrystallized from methanol,

isolated by filtration, and then dried under high vacuum at 78 °C to provide 0.5 g of 5-(4-

amino-2-ethoxymethyl-li/-imidazo[4,5-c]quinolin-- 1 -yl)pentane- 1 -sulfonamide, mp 1 76-

178 °C. Anal, calcd. for CisEbsNsOsS: C, 55.22; H, 6.44; N, 17.89 Found: C, 55.06; H,

6.42; N, 17.84.

A solution ofi\f-(4-methoxybenzyl) 4-(4-amino-2-ethoxymethyl-li!/-imidazo[4,5-

c]quinolin-l-yl)butane-l -sulfonamide (0.6 g) in trifluoroacetic acid was stirred at ambient

temperature until analysis by LC/mass spectroscopy indicated that all of the starting

material had been consumed. The solution was combined with platinum (IV) oxide and

hydrogenated on a Parr apparatus until analysis by LC/mass spectroscopy indicated that

the reaction was complete. The reaction mixture was filtered through a layer of CELITE

filter aid. The filter cake was rinsed with fresh trifluoroacetic acid and the filtrate was

concentrated under reduced pressure to provide the trifluoroacetate of the product as an

oil. This material was converted to the free base using the general method ofExample 23,

recrystallized sequentially from methanol and then water, and then dried under high

vacuum at 91 °C to provide 4-(4-amino-2-ethoxymethyl-6,7,8,9-tetrahydro-liy-*

imidazo[4,5-c]quinolin-l-yl)butane-l -sulfonamide, mp 224-227 °C. Anal, calcd. for

Ci7H27N503S: C, 53.52; H, 7.13; N, 18.36 Found: C, 53.36; H, 7.24; N, 18.06.

Example 24

4-(4-Amino-2-ethoxymethyl-6,7,8,9-tetrahydro-

li/-imidazo[4,5-c]quinolin- 1-yl)butane~ 1-sulfonamide

NH,
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Example 25

A^iV-Dimethyl 3-(4-amino-2-ethoxy^

dimethylpropane-l -sulfonamide

PartA
Triethylamine (17.5 mL, 1.3 eq) was added dropwise to a suspension of 4-chloro-

3-nitroquinoline (20.14 g, 96.5 mmol, 1.0 eq) in dichloromethane (300 mL). 3-Amino-

2,2-dimethylpropanol (10.96 g, 1.1 eq) was added, the reaction mixture was stirred for 45

minutes and then concentrated under reduced pressure. The residue was slurried with

water (300 mL) for 1 hr, isolated by filtration, rinsed with water (2 x 60 mL), and then

dried under high vacuum to provide 20.7 g of2
3
2-dimethyl-3-[(3-nitroquinolin-4-

yl)amino]propanol as a yellow solid.

PartB

A suspension of 2 32-dimethyl-3-[(3-nitroquinolin-4-yl)amino]propanol (1.45 g)

and 10% palladium on carbon in ethanol was hydrogenated on a Parr apparatus until

analysis by TLC indicated that the reaction was complete. The reaction mixture was

filtered through a layer of CELITE filter aid. The fdter cake was rinsed with ethanol (3 x

10 mL). The filtrate was concentrated under reduced pressure. The residue was

suspended in toluene (150 mL) and concentrated under reduced pressure to provide 3-[(3-

aminoquinolin-4-yl)amino]-2
52-dimethylpropanol.

PartC

Ethoxyacetyl chloride (564 fiL, 1.05 eq) was added dropwise to a chilled (0 °C)

solution ofthe material from Part B (1 .0 eq) in pyridine (25 mL). The progress of the

reaction was monitored by TLC, additional ethoxyacetyl chloride (0.6 eq) was added to

drive the reaction to completion. The reaction mixture was allowed to warm to ambient
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temperature overnight. The reaction mixture was heated at 80 °C for 2 hrs and then at 1 1

0

°C for 9 hours. The reaction mixture was cooled to ambient temperature and then

concentrated under reduced pressure. The residue was combined with the material

obtained from another run and then purified byHPFC (silica gel eluting with 0-40%

acetone in chloroform (0.75% ethanol stabilized) over 1 L and then with 40 — 60 %
acetone in chloroform over 1.8 L) to provide 1.66 g of 3-(2-ethoxymethyl-l Jf/-

imidazo[4,5-c]quinolin-l-yl)-2 52-dimethylpropanol as a clear oily semisolid.

PartD

Tosyl chloride (1.18 g, 1.2 eq) and 4-dimethylaminopyridine (13 mg, 0.02 eq) were

added sequentially to a solution of 3-(2-ethoxymethyl-li7-imidazo[4
55--c]quinolin-l-yl)--

2,2-dimethylpropanol (1.61 g, 5.14 mniol, 1.0 eq) in pyridine (6 mL). The reaction

mixture was stirred at ambient temperature for 20 hrs, quenched with brine (75 mL), and

then extracted with ethyl acetate (1 x 75 mL). The extract was dried over magnesium

sulfate, filtered, and then concentrated under reduced pressure. The residue was dissolved

in dichloromethane (20 mL), diluted with heptanes (125 mL), concentrated under reduced

pressure, and then dried under high vacuum to provide 2.12 g of 3-(2-ethoxymethyl-lii
r

-

imidazo[4,5-c]quinolin-l-yl)-2,2-dimethylpropyl p-toluenesulfonate as a light brown oil.

Part E

Sodium hydrosulfide hydrate (1.23 g, 5.0 eq) was added to a solution ofthe

material from Part D (1 .0 eq) in ethanol (22 mL). The reaction was heated at 75 °C for 30

hours and then allowed to cool to ambient temperature over the weekend. Analysis by

TLC indicated that the reaction was not complete. Additional sodium hydrosulfide

hydrate (3 eq) was added and the reaction mixture was heated for an additional 48 hrs.

The reaction mixture was concentrated under reduced pressure. The residue was

suspended in water (100 mL) and then extracted with dichloromethane (3 x 100 mL). The

combined extracts were dried over magnesium sulfate and then concentrated under

reduced pressure to provide 1 .23 g of a white foam. This material was purified by HPFC

(silica gel eluting with 0-10% CMA in chloroform over 2 column volumes, 10-25% CMA
in chloroform over 7 column volumes, 25-35% CMA in chloroform over 1.5 column
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volumes, and 35% CMA in chloroform over 5 column volumes) to provide 0.87 g of 3-(2-

ethoxymethyl-li7-imM as a clear oil.

PartF

5 Using the general method ofExample 8 Part G, 3-(2-ethoxymethyl-lJ7-

imidazo[4
?5-c]quinolin-l-yl)-2 ?2-dimethylpropane-l-thiol (0.75 g) was oxidized to

provide 0.67 g of 3-(2-ethoxymethyl-lif-imidazo[4 ?5-c]quinolin-l-yl)-2,2-

dimethylpropane-l-sulfonyl chloride as an oily yellow foam.

10 PartG

Using the general method ofExample 1 1 Part A, the material from Part F was

reacted with dimethylamine hydrochloride. The crude product was purified by HPFC

(silica gel eluting with 0-30% CMA in chloroform for 8 column volumes and then 30%

CMA in chloroform for 3 column volumes) to provide 0.36 g ofA^A^-dimethyl 3-(2-

15 ethoxymethyl-liWmidazo[43^ as an

offwhite foam.

PartH

Using the general method ofExample 11 Part B, the material form Part G was

20 oxidized and then animated. The crude product was purified by (silica gel eluting with 0-

30% CMA in chloroform for 15 column volumes and then 30% CMA in chloroform for 2

column volumes) to provide 0.19 g of a brown oil. The oil was dissolved in ethanol (8

mL), combined with 7M hydrochloric acid (65 |jL), stirred for 10 minutes and then

concentrated to a sticky brown oil. The oil was triturated with hot ethyl acetate to provide

25 a solid, concentrated, triturated with hot acetonitrile (6-7 mL), and then cooled to

ambient temperature. The resulting solid was isolated by filtration, rinsed with acetonitrile

(3 x 1 mL), and dried (0.10 Torr (13 Pa) at 50 °C for 3 days; then at 0.12 Torr (16 Pa) at

60 °C for 16 hrs) to provide 133 mg of the hydrochloride salt ofTV^iV-dimethyl 3-(4-amino-

2-ethoxymethyl- 1iWmidazo[4,5-c]quinolin- 1 -yl)-2,2-dimethylpropane- 1 -sulfonamide as a

30 tanpowder,mp 193-195 °C. Anal, calcd. for C2oH29N503S*HCl * 0.15 H20 : C, 52.37; H,

6.66; N, 15.27 Found: C, 52.07; H, 6.75; N, 15.08.
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Example 26

jV;N-Dimethyl 4-(4-Amm^

li/-imidazo[4?
5-c]pyridin-l-yl)butane-l-sulfonamide

Part A
Under a nitrogen atmosphere, triethylamine (38 mL, 2.0 eq) was added in a single

portion to a mixture of 2,4-dichloro-5 ?
6-dimethyl-3-nitropyridine (30.0g, 136 mmol, 1.0

eq) and A^-dimethylformamide (DMF, 450 mL). The reaction mixture was stirred for 10

minutes, 4-amino-l-butanol (17.6 mL, 1.4 eq) was added, and the reaction mixture was

stirred overnight. The reaction mixture was concentrated under reduced pressure to

provide crude product as an oil. The oil was partitioned between chloroform (500 mL)

and water/brine (1:150 mL). The organic phase was separated, washed with water/brine

(1:1 3 x 30 mL), dried over magnesium sulfate, filtered, and then concentrated under

reduced pressure to provide an orange solid. This material was dried under high vacuum

at 40 °C and then recrystallized from ethyl acetate/hexanes to provide 23.0 g of 4«(2-

chloro-5,6-dimethyl-3-nitropyridin-l-yl)butan-l-ol.

PartB

Under a nitrogen atmosphere, a mixture of 4-(2-chloro-5,6-dimethyl-3-

nitropyridin-l-yl)butan-l-ol (24.5 g, 89.5 mmol, 1.0 eq), sodium azide (11.6 g, 2.0 eq.),

cerium(III) chloride heptahydrate (16.7 g, 0.5 eq), and acetonitrile/water (9:1 250 mL) was

heated at reflux overnight. The reaction mixture was filtered while still hot and the filter

cake was rinsed with warm acetonitrile and DMF. The filtrate was concentrated under

reduced pressure and then dried under high vacuum at 50 °C for 2 hrs to provide 25 g of

crude 4-[(5,6-dime1bLyl-8-nitro^^
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PartC

Under a nitrogen atmosphere, thionyl chloride (9.8 mL, 1.5 eq) was added

dropwise with stirring to a mixture of the material from Part B and chloroform (500 mL).

The reaction mixture was heated at a vigorous reflux for 3.5 hrs, cooled to ambient

5 temperature, and then diluted with water (200 mL). The phases were separated and the

aqueous phase was extracted with chloroform (3 x 100 mL). The combined organics were

washed with water (3x50 mL), dried over magnesium sulfate, filtered, concentrated

under reduced pressure, and then dried under high vacuum to provide 30 g ofcrude A^(4-

chlorobutyl)-5 5
6-dimethyl-8-nitrotetraazolo[l,5-a]pyridin-7-amine as an orange oil.

10

PartD

The material from Part C was combined in a pressure vessel with catalyst (2.5 g of

5% platinum on carbon), and ethyl acetate (500 mL). The reaction mixture was placed

under hydrogen pressure ((30 psi, (2.1 x 10
5
Pa)) for 2 days. Analysis by HPLC indicated

15 that the reaction was not complete. More catalyst (~ 1.3 g) was added and the reaction

was continued until analysis by HPLC indicated that the reaction was complete. The

reaction mixture was filtered through a layer of CELITE filter aid and the filter cake was

washed with chloroform. The filtrate was concentrated under reduced pressure to provide

20.0 g ofJV
7
-(4-chlorobutyl)-5,6-dimethyltetraazolo[l ?

5-a]pyridine-7,8 as an off

20 white solid.

Part E

Under a nitrogen atmosphere, pyridine hydrochloride (1.62 g, 0.375 eq) and

trimethyl orthobutyrate (6.5 mL, 1.1. eq) were added sequentially to a suspension ofN7
-(4-

25 chlorobutyl)-5,6~dimethylte^^ (10.0 g5 37.2 mmol, 1 eq)

in toluene (250 mL). The reaction mixture was heated at reflux for 1 hour, allowed to

stand at ambient temperature over the weekend, and then concentrated under reduced

pressure. The resulting white solid was partitioned between chloroform (400 mL) and

saturated aqueous sodium bicarbonate (50 mL). The phases were separated and the

30 aqueous phase was extracted with chloroform (2 x 20 mL). The combined organics were

washed with saturated aqueous sodium bicarbonate (3 x 25 mL), dried over magnesium

sulfate, filtered, concentrated under reduced pressure, and then dried under high vacuum to
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provide 11.75 g of 7<4-chlorobutyl)-5 ?
6-dimethyl-8~propyl-7i7-imidazo[4?

5~

c]tetraazolo[l,5-a]pyridine an offwhite solid.

PartF

5 A mixture of the material from Part E (1.0 eq), potassium thioacetate (4.6 g, 1.1

eq), and DMF (250 mL) was stirred under a nitrogen atmosphere overnight. The reaction

mixture was concentrated under reduced pressure and the residue was partitioned between

chloroform (300 mL) and water/brine (1:1 1 00 mL). The phases were separated and the

aqueous phase was extracted with chloroform (2 x 75 mL). The combined organics were

10 washed with water/brine (1:1, 3 x 50 mL), dried over magnesium sulfate, filtered,

concentrated under reduced pressure, and then dried under high vacuum with gentle

heating to provide 13.0 g of S-[4-(5 9
6-dimethyl-8-propyl-7^-imidazo[4?5-c]tetraazolo[l ?

5-

<z]pyridin~7-yl)butyl] thioacetate as a brown solid.

15 Part G

A solution of S-[4»(5 ?
6-dimethyl-8-propyl-7//-imidazo[4?

5-c]tetraazolo[l ,5-

fl]pyridin-7-yl)butyl] thioacetate (6.5 g, 18.0 mmol, 1.0 eq) in methanol (150 mL) was

degassed with nitrogen for about 10 minutes. Sodium methoxide (10.3 mL of 25 wt% in

methanol, 2.5 eq) was added dropwise over a period of 5 minutes. The solution was

20 stirred at ambient temperature for 2 hrs and then concentrated under reduced pressure.

The residue was partitioned between dichloromethane (300 mL) and water (50 mL). The

pH was adjusted to 7 by the addition of IN hydrochloric acid. The phases were separated

and the aqueous phase was extracted with dichloromethane (2 x 75 mL). The combined

organics were washed with brine (50 mL), dried over magnesium sulfate, filtered, and then

25 concentrated under reduced pressure to provide 4-(5,6-dimethyl-8-propyl-7//-imidazo[4 5
5-

c]tetraazolo[l,5-a]pyridin-7-yl)butane-l-thiol as a yellow solid.

PartH

Under a nitrogen atmosphere, the material from Part G (1.0 eq) was combined with

30 concentrated hydrochloric acid (30 mL) and water (20 mL) and then cooled to 0°C. A
i

solution ofsodium chlorate (2.50 g, 1.3 eq) in water (10 mL) was added over a period of

1 0 minutes with vigorous stirring. The reaction mixture was stirred for 2 hrs at 0°C and
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then diluted with dichloromethane (100 mL). The pH was adjusted to 7 by slowly adding

6M potassium carbonate (~ 30 mL). A white precipitate formed during the addition. The

reaction mixture was diluted with dichloromethane (100 mL) and water (100 mL) and then

allowed to warm to ambient temperature. The aqueous layer was separated and then

5 extracted with dichloromethane (2 x 50 mL). The combined organics were dried over

magnesium sulfate, filtered and then concentrated under reduced pressure to provide 2.6 g

of4-(5,6-dimethyl-8-propyl-7^^

sulfonyl chloride as a yellow solid.

10 Parti

Under a nitrogen atmosphere, dimethylamine hydrochloride (1.16 g, 2.1 eq) was

added to a suspension of the material from Part H (1.0 eq) in dichloromethane (65 mL).

6M potassium carbonate (2.81 mL, 2.5 eq) was added dropwise and the reaction mixture

was stirred at ambient temperature for 2 hours. More dimethylamine hydrochloride (0.21

1 5 eq) and 6M potassium carbonate (0.25 eq) were added and the reaction mixture was stirred

for 1 hr. The reaction mixture was diluted with dichloromethane (150 mL) and saturated

aqueous sodium*bicarbonate (75 mL) and the phases were separated. The aqueous phase

was extracted with dichloromethane (3 x 50 mL). The combined organics were washed

with aqueous sodium bicarbonate (2 x 50 mL), dried over magnesium sulfate, filtered, and

20 then concentrated under reduced pressure to provide crude product as a yellow foam. The

crude product was purified by HPFC (silica gel eluting with 2-30% CMA in chloroform)

to provide 0.8 g ofAW dimethyl 4-(5,6-dimethyl-8-propyl-7iy-imidazo[4,5-

c]tetraazolo[l 3
5-a]pyridin-7-yl)butane-l-sulfonamide as a white solid.

25 Part J

The material from Part I, platinum (IV) oxide (160 mg), and trifluoroacetic acid

(20 mL) were combined in a pressure vessel and placed under hydrogen pressure (50 psi,

3.4 x 10
5
Pa) over the weekend. The reaction mixture was concentrated under reduced

pressure. The residue was diluted with IN hydrochloric acid (-10 mL) and then stirred at

30 ambient temperature for 1 hr. The solution was cooled to 0 °C, the pH was adjusted to 7-8

by adding saturated aqueous sodium bicarbonate, and then it was extracted with

chloroform (3 x 75 mL). The combined organics were washed with aqueous sodium
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bicarbonate (3 x 40 mL), dried over sodium sulfate, filtered, concentrated under reduced

pressure, and then dried under high vacuum to provide crude product. The crude product

was recrystallized from ethyl acetate/hexanes, isolated by filtration, washed with ethyl

acetate, and then dried under high vacuum overnight to provide 448 mg ofA^N-dimethyl

4-(4-amino-6,7-dimethyl-2-propyl- li^-imidazo[4,5~c]pyridin- 1 -yl)butane- 1-sulfonamide

as a white powder, mp 127.0-128.0 °C. *HNMR (300 MHz, DMSO-d6) 8 5.59 (s, 2H),

4.24 (dd, /= 7.2, 6.4 Hz, 2H), 3.09 (dd, J= 7.2, 6.8 Hz, 2H), 2.81-2.68 (m, 8H), 2.37 (s,

3H), 2.30 (s, 3H), 1.86-1.67 (m, 6H), 1.00 (t, J— 7A Hz, 3H); MS (APCI) m/z 368 (M)
+

;

Anal, calcd for C17H29N5O2S: C, 55.56; H, 7.95; N, 19.06; Found: C, 55.35; H, 8.08; N,

19.02.

Example 27

TV-Methyl 4-(4-Amino-6,7-dimethyl-2-propyl-

l#-imidazo[4,5-c]pyridin- 1-yl)butane- 1-sulfonamide

Part A
Using the general method ofExample 26 Part I, 4-(5,6-dimethyl-8-propyl-7i7-

imidazo[4,5-c]tetraazolo[l
5
5-a]pyridin-7-yl)butane-l-sulfonyl chloride (2.0 g, 5.2 mmol,

1.0 eq) was reacted with methylamine hydrochloride (740 mg, 2.1 eq) to provide 1.86 g of

N-methyl 4-(5,6-dimethyl-8-propyl-7i7-imidazo[4,5-c]tetraazolo[l,5-a]pyridin-7-

yl)butane- 1-sulfonamide.

PartB

The material from Part A, platinum IV oxide (~ 500 mg), and trifluoroacetic acid

(50 mL) were combined in a pressure vessel and placed under hydrogen pressure (50 psi,

3.4 x 10
5
Pa) until analysis by HPLC indicated that the reaction was complete. The
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reaction mixture was filtered and the filter cake was washed with methanol. The filtrate

was concentrated under reduced pressure. The residue was diluted with IN hydrochloric

acid (-10 mL) and then stirred at ambient temperature for 1 hr. The solution was cooled

to 0 °C and the pH was adjusted to 7-8 by adding saturated aqueous sodium bicarbonate.

A white precipitate formed. The precipitate was isolated by filtration, rinsed with water,

and then dissolved in methanol. The methanol solution was filtered, diluted with toluene,

concentrated under reduced pressure, and then dried under high vacuum to provide a white

solid. The solid was triturated with ethyl acetate and methanol, isolated by filtration,

washed sequentially with ethyl acetate, acetonitrile, chloroform, and ethyl acetate, and

then dried under high vacuum. The material was then combined with IN sodium

hydroxide (5 mL), sonicated for 1 minute, and diluted with water (20 mL) and chloroform

(100 mL). The phases were separated and the aqueous phase was extracted with

chloroform (3 x 20 mL). The combined organics were washed with IN sodium hydroxide.

The combined aqueous were neutralized to pH 7 by the addition of IN hydrochloric acid

and then back extracted with chloroform (3 x 30 mL). The combined organics were dried

over sodium sulfate, filtered, concentrated under reduced pressure, dried under high

vacuum at 100 °C for 3 hrs, triturated sequentially with ethyl acetate and methanol, and

then dried under high vacuum to provide 100 mg ofTV-methyl 4-(4-amino-6,7-dimethyl-2-

propyl-li/-imidazo[4,5-c]pyridin-l-yl)butane-l -sulfonamide as a white powder, mp

164.0-166.0 °C.
!HNMR (300 MHz, DMSO-d6) 8 6.88 (q, J= 4.9 Hz, 1H), 5.72 (s, 2H),

4.23 (dd, J= 7.8, 6.3 Hz, 2H), 3.06 (dd, J= 7.6, 6.6 Hz, 2H), 2.77 (t, J= 7.4 Hz, 2H), 2.56

(d, J= 4.9 Hz, 3H), 2.37 (s, 3H), 2.31 (s, 3H), 1.86-1.65 (m, 6H), 1.00 (t, /= 7.4 Hz, 3H);

MS (APCI) m/z 354 (M)
+

; Anal. Calcd for C16H27N502S: C, 54.37; H, 7.699; N, 19.81;

Found: C, 54.14; H, 7.76; N, 19.62.
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Example 28

TV^-Dimethyl 4-(4-Amino-6J-dimethyl-2-ethoxytnethyl-

l#4midazo[4,5-c]pyridin- 1 -yl)butane- 1-sulfonamide

PartA
Ethoxyacetyl chloride (3.93 g, 1.0 eq) was slowly added to a chilled (0 °C)

suspension ofN7
-(4-chlorobutyl)-5 ?

6-dto

(7.93 g, 29.5 mmol, 1.0 eq) in dichloromethane (200 mL). The reaction mixture was

allowed to warm to ambient temperature overnight. Analysis by HPLC indicated that the

reaction was not complete. The reaction mixture was cooled to 0 °C, more ethoxyacetyl

chloride (0.4 g ) was added, and then the reaction mixture was allowed to warm to ambient

temperature and stirred overnight; this procedure was repeated. The reaction mixture was

diluted with saturated aqueous sodium bicarbonate (~ 100 mL) and dichloromethane (100

mL). The phases were separated and the aqueous phase was extracted with

dichloromethane (3x50 mL). The combined organics were washed with aqueous sodium

bicarbonate (2 x 50 mL), dried over magnesium sulfate, filtered, and then concentrated

under reduced pressure to provide 10.5 g of crude product as a brown solid. This material

was triturated with ethyl acetate/hexanes then dried under high vacuum to provide 6.4 g of

7-(4-chlorobutyl)-8-ethoxymefa^

a]pyridine as a white solid.

PartB

Using the general method ofExample 26 Part F, 7-(4-chlorobutyl)-8-

ethoxymethyl-5,6-dimethyl-7^ (7.1 g, 21.1

mmol, 1.0 eq) was reacted with potassium thioacetate (3.61 g, 1.5 eq) to provide 6.5 g of
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S-[4-(8-ethoxymethyl-5 9
6-dimethyl-7^-imidazo[4 ?

5-c]tetraazolo[ 1 ,5-a]pyridin-7-yl)butyl]

thioacetate as a tan solid.

PartC

5 Using the general method ofExample 26 Part G, S-[4-(8-ethoxymethyl-5,6-

dimethyl-7#-imidazo^ thioacetate (2.00 g, 5.31

mmol, L0 eq) was hydrolyzed to provide 4-(8-ethoxymethyl-5
?
6-dimethyl-7AT-

imidazo[43
5-c]tetraazolo[l,5-a]pyridin-7-yl)butane-l -thiol as a yellow solid.

10 PartD

Using the general method ofExample 26 Part H, the material from Part C was

oxidized to provide 4-(8-ethoxymethyl-5 3
6-dimethyl-7iy-imidazo[4,5-c]tetraazolo[l 5

5-

a]pyridm-7-yl)butane- 1 -sulfonyl chloride.

15 PartE

Using the general method ofExample 26 Part I, the material from Part D was

reacted with dimethylamine hydrochloride. The crude product was purified by HPFC

(silica gel eluting with 2-30% CMA in chloroform) to provide 1.1 g ofN,N dimethyl 4-(8-

ethoxymethyl-5,6-dimethyl-7i?-imidazo[4,5-c]tetraazolo[ 1 ,5-a]pyridin-7-yl)butane- 1 -

20 sulfonamide.

PartF

Using the general method ofExample 26 Part J, N,N dimethyl 4-(8-ethoxymethyl-

5,6-dimethyl-727-imidazo^ (0.21

25 g, 0.51 mmol, 1 .0 eq) was reduced. The crude product was triturated with ethyl acetate

and dried under high vacuum at 100 °C for 3 hrs to provide 0.1 1 g ofi^N-dimethyl 4-(4-

amino-6,7-dimethyl-2-ethoxymethyl-l#-imidazo[4,5-c]pyridin- 1 -yl)butane- 1 -sulfonamide

as a white powder, mp 158.0-160.0 °C.
2H NMR (300 MHz5 DMSO-d6) 8 5.77 (s, 2H),

4.65 (s, 2H), 4.31 (dd, J= 8.1, 7.1 Hz, 2H), 3.52 (q, J= 7.0 Hz, 2H), 3.08 (dd, J= 7.6, 7.3

30 Hz, 2H), 2.75 (s, 6H), 2.38 (s, 3H), 2.31 (s, 3H), 1.92-1.68 (m, 4H), 1.15 (t, J= 7.0 Hz,

3H); MS (APCI) m/z 384 (M)
+

; Anal. Calcd for Ci 7H29N5O3S*0.33H2O: C, 52.43; H, 7.68;

N, 17.98; Found: C, 52.34; H, 7.81; N, 18.11.
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Example 29

A^N-Dimethyl 4-(4-Amino~2-ethoxymethyl-

liWmidazo [4,5-c] [ 1,5]naphthyridin- 1 -yl)butane- 1 -sulfonamide

Part A
Phosphorous oxychloride (38 mL, 1.3 eq) was added dropwise over a period of 70

minutes to a suspension of4-hydroxy-3-nitro[l ?
5]naphthyridine (60 g, 314 mmol, 1.0 eq).

The orange suspension was stirred at ambient temperature for 5 hrs and then poured into

ice water (1 .9 L) and stirred for 30 minutes. The solid was isolated by filtration, washed

with water (3 x 200 mL), and then dissolved in dichloromethane (1 .2 L). The solution was

dried over magnesium sulfate, filtered, and concentrated under reduced pressure to provide

61.1 g of 4-chloro-3-nitro[l 9
5]naphthyridine as an orange solid.

PartB

Triethylamine (6.4 mL, 1.2 eq) was added to a suspension of 4-chloro-3-

nitro[l,5]naphthyridine (8.0 g, 38.2 mmol, 1.0 eq) in dichloromethane. The resulting

solution was cooled to 5 °C and 4-amino- 1 -butanol (3.8 mL, 1.1 eq) was added dropwise

over a period of 5 minutes. The reaction mixture was allowed to stir at ambient

temperature for 3 hrs then it was diluted with saturated aqueous sodium bicarbonate (100

mL). The phases were separated and the aqueous phase was extracted with

dichloromethane (2 x 50 mL). The combined organics were dried over magnesium

sulfate, filtered, and then concentrated under reduced pressure to provide 9.94 g of 4-[(3-

nitro[l,5]naphthyridin-4-yl)amino]butan-l-ol as a yellow solid.
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PartC

Thionyl chloride (3.0 mL, 1.1 eq) was added dropwise to a chilled (0 °C) solution

ofthe material from Part B (1 .0 eq) in dichloromethane (190 mL). A white precipitate

foimed during the addition and additional dichloromethane (170 mL) was added to

facilitate stirring. The reaction mixture was allowed to stir at ambient temperature

overnight and then it was quenched with 50% saturated sodium bicarbonate (200 mL).

The phases were separated and the aqueous phase was extracted with dichloromethane (2

x 75 mL). The combined organics were dried over magnesium sulfate, filtered, and then

concentrated under reduced pressure to provide 10.6 g ofA^*(4-chlorobutyl)-3-

nitro[l 3
5]naphthyridin-4-amine as yellow solid.

Part D

Catalyst (1.1 g of5% platinum on carbon) was added to a suspension of the

material from Part C in ethyl acetate (190 mL). The mixture was placed under hydrogen

pressure ((30 psi (2.1 x 10
5
Pa)) for 2 hours. The reaction mixture was filtered through a

layer ofCELITE filter aid. The filter cake was rinsed with ethyl acetate (50 mL). The

filtrate was concentrated under reduced pressure to provide ^-(4-

chlorobutyl)[l,5]naphthyridine-3 ?
4-diamine as a thick yellow oil.

PartE

Ethoxyacetyl chloride (4.5 mL, 1.1 eq) was added dropwise over a period of 10

minutes to a solution of the material from Part D (1 .0 eq) in dichloromethane (180 mL).

The reaction mixture was allowed to stir at ambient temperature for 1 hr and then it was

concentrated under reduced pressure to provide iV-[4-(4-

chlorobutyl)amino [ 1 ,5]naphthyridin-3 -yl]-2-ethoxyacetamide hydrochloride.

PartF

The material from Part E was suspended in 3 : 1 ethanol:water (200 mL). 6M

potassium carbonate (9.5 mL, 1.5 eq) was added and the reaction mixture was allowed to

stir at ambient temperature for 2 weeks with additional potassium carbonate being added

after 1 week. The reaction mixture was concentrated under reduced pressure and the

residue was partitioned between dichloromethane (100 mL) and brine (100 mL). The
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phases were separated and the aqueous phase was extracted with dichloromethane (50

mL). The combined organics were dried over magnesium sulfate, filtered, and then

concentrated under reduced pressure to provide 12.2 g of 1 -(4-chlorobutyl)-2-

ethoxymethyl-li7-imidazo[4 ?
5-c][l ?5]naphthyridine as a brown oil.

Part G
Potassium thioacetate (4.75 g, 1.1 eq) was added in a single portion to a solution of

the material from Part F (1.0 eq) in DMF (150 mL). The reaction mixture was stirred

overnight and then concentrated under reduced pressure. The residue was dissolved in

dichloromethane (200 mL), washed sequentially with water (100 mL) and brine (100 mL),

dried over magnesium sulfate, filtered, and then concentrated under reduced pressure to

provide 14.8 gof crude S-[4-(2-ethoxymethyl-l^imidazo[4,5-c][l,5]naphthyridin-l-

yl)butyl] thioacetate as a brown oil.

PartH

A portion (1 .5 g, 1.0 eq) ofthe material from Part G was dissolved in methanol (20

mL). The solution was degassed with a nitrogen stream and then sodium methoxide (2.4

mL of25 wt% in methanol, 2.5 eq) was added dropwise over a period of 3 minutes. The

reaction mixture was stirred at ambient temperature for 1 hr and then concentrated under

reduced pressure. The residue was partitioned between dichloromethane (70 mL) and

water (40 mL). ThepH was adjusted to 7 by the addition of2M hydrochloric acid. The

phases were separated and the aqueous phase was extracted with dichloromethane (30

mL). The combined organics were washed with brine (40 mL), dried over magnesium

sulfate, filtered, and then concentrated under reduced pressure to provide 1.36 g of 4-(2-

ethoxymethyl-liif-M as a tan solid.

Parti

A solution of sodium chlorate (0.58 g, 1.3 eq) in water (2 mL) was added dropwise

over a period of 2 minutes to a chilled (0°C ) solution ofthe material from Part H (1 .0 eq)

in a mixture of concentrated hydrochloric acid (7 mL) and water (5 mL). The reaction

mixture was stirred at 0°C for 1 hr and then diluted with dichloromethane (50 mL). The

pH was adjusted to 5 by the addition of6M potassium carbonate (8 mL) over a period of
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20 minutes. The mixture was warmed to ambient temperature and then further diluted

with dichloromethane (50 mL) and water (50 mL). The phases were separated and the

aqueous phase was extracted with dichloromethane (2 x 20 mL). The combined organics

were dried over magnesium sulfate, filtered, and then concentrated under reduced pressure

5 to provide 1 .43 g of4-(2-ethoxymethyl-li7-imidazo^

1-sulfonyl chloride as a pale yellow solid.

Part J

Dimethylamine hydrochloride (0.64 g, 2.1 eq) and 6M potassium carbonate (1.6

10 mL, 2.5 eq) were added sequentially to a solution of the material from Part I (1 .0 eq) in

dichloromethane (18 mL). The reaction mixture was stirred at ambient temperature for 1

hr and then diluted with dichloromethane (40 mL) and saturated aqueous sodium

bicarbonate (40 mL). The phases were separated and the aqueous phase was extracted

with dichloromethane (2 x 20 mL). The combined organics were dried over magnesium

1 5 sulfate, filtered, and then concentrated under reduced pressure to provide 1 .06 g of an

orange solid. This material was purified by HPFC (silica gel eluting with 0-30% CMA in

chloroform over 1.2 L) to provide 0.48 g ofpure iV,iV-dimethyl 4-(2-ethoxymethyl-liy-

imidazo[4,5-c][l,5]naphthyridin-l-yl)butane-l-sulfonamide and 0.40 g of a mixture. The

mixture was recrystallized from dichloromethane and hexanes to provide an additional

'

20 0.27 g ofiV,iV-dimethyl 4<2~ethoxymethyl-liy-imidazo[4,5-c][l ?
5]naphthyridin-l-

yl)butane-l -sulfonamide.

PartK

3-Chloroperoxybenzoic acid (0.66 g of70% , 1.4 eq) was added to a solution of

25 i^N-dimethyl 4-(2-ethoxymethyl- 177-imidazo [4,5-c] [1,5]naphthyridin- 1 -yl)butane- 1 -

sulfonamide (0.75 g, 1.92 mmol, 1.0 eq) in chloroform (10 mL). The reaction was stirred

at ambient temperature for 3 hrs. Analysis by LCMS indicated that the reaction was not

complete so additional 3-chloroperoxybenzoic acid (1.4 eq) was added. After an

additional 2 hrs of stirring more 3-chloroperoxybenzoic acid (0.42 g) was added and

30 stirring was continued for another hour. The reaction mixture was diluted with saturated

aqueous sodium bicarbonate (75 mL) and chloroform (75 mL). The phases were separated

and the organic phase was washed with saturated aqueous sodium bicarbonate (75 mL).
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The combined aqueous was extracted with dichloromethane (2x30 mL). The combined

organics were dried over magnesium sulfate, filtered, and then concentrated under reduced

pressure to provide 1.27 g ofA^iV-dimethyl 4-(2-ethoxymethyl-5-oxy-lJy-imidazo[4
?
5-

c][l,5]naphthyridin-l-yl)butane-l-sulfonamide as an orange solid.

5

PartL

Ammonium hydroxide (0.64 mL of 15M, 5.0 eq) was added to a chilled (0 °C)

solution ofthe material from Part K (1.0 eq) in methanol (10 mL). Benzenesulfonyl

chloride (0.51 mL, 2.1 eq) was added dropwise. The reaction mixture was stirred at 0°C

10 for 1 hr and then concentrated under reduced pressure. The residue was partitioned

between dichloromethane (70 mL) and saturated aqueous sodium bicarbonate (50 mL).

The phases were separated and the aqueous phase was extracted with dichloromethane (2

x 20 mL). The combined organics were dried over magnesium sulfate, filtered, and then

concentrated under reduced pressure to provide 1.22 g of crude product as an orange solid.

15 This material was purified twice by HPFC (silica gel eluting with 0-25% CMA in

chloroform over 1.3 L, 25 —30% CMA in chloroform over 600 mL; silica gel eluting with

0-30% CMA in chloroform over 960 mL) to provide 0.1 80 g of a tan solid. This material

was recrystallized from chloroform/hexanes and then dried under high vacuum to provide

100 mg of JV;JV-dimethyl 4-(4-amino-2-ethoxymethyl- lif-imidazo[4,5-c] [ 1 ,5]naphthyridin-

20 l-yl)butane-l -sulfonamide as a white powder, mp 148-150 °C. *H NMR (300 MHz,

DMSO-d6) 6 8.53 (dd, J= 4.4, 1.6 Hz, 1H), 7.92 (dd, J= 8.4, 1.6 Hz, 1H), 7.46 (dd, J=

8.4, 4.4 Hz, 1H), 6.88 (br s, 2H), 4.87 (t, J= 7.4 Hz, 2H), 4.79 (s, 2H), 3.58 (q, J= 7.0 Hz,

2H), 3.09 (t, J- 7.7 Hz, 2H), 2.71 (s, 6H), 2.04 (m, 2H), 1.77 (m, 2H), 1.18 (t, /= 7.0 Hz,

3H); MS (APC1) m/z 407 (M+l)
+

; Anal, calcd for CisHseNeOsS: C, 53.18; H, 6.45; N,

25 20.67. Found: C, 52.83; H, 6.40; N, 20.99.
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Example 30

A^Af-Dimethyl 4-(4-Amino-2-propyl-

l#-imidazo[4,5-c] [ 1 55]naphthyridin-l -yl)butane- 1 -sulfonamide

Part A
Trimethyl orthobutyrate (7.4 mL, 1 .3 eq) and pyridine hydrochloride (0.20 g, 0.05

eq) were added to a solution ofA^-(4-chlorobutyl)[l
>5]naphthyridine-3 ?4-diamine (1 .0 eq)

in toluene (120 mL). The reaction mixture was heated at reflux for 2 hrs, allowed to cool

to ambient temperature, and then concentrated under reduced pressure. The residue was

dissolved in dichloromethane (120 mL) and washed with saturated aqueous sodium

bicarbonate (100 mL). The aqueous wash was extracted with dichloromethane (2 x 25

mL). The combined organics were dried over magnesium sulfate, filtered, and then

concentrated under reduced pressure to provide 10.8 g of l-(4-chlorobutyl)-2-propyl-lif-

imidazo[4
?5-c][l ?5]naphthyridine as a yellow solid.

Part B

Using the general method ofExample 29 Part G, l-(4-chlorobutyl)-2-propyl-lZ/-

imidazo[4
55-c][l ?5]naphthyridine (1 1.3 g, 37.3 mmol, 1.0 eq ) was reacted with potassium

thioacetate (4.69 g, 1.1 eq) to provide 15.43 g of crude S-[4-(2-propyl-liy-imidazo[4
:)

5-

c][l
?5]naphthyridin-l-yl)butyl] thioacetate as a brown oil.

PartC

Using the general method ofExample 29 Part H, S-[4-(2-propyl-l//-imidazo[4
?
5-

c][l 55]naphthyridin-l-yl)butyl] thioacetate (3.0 g, 8.76 mmol) was hydrolyzed to provide

2.71 gof4-(2-propyl-U7-im^ as a brown

oil.
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PartD

Using the general method ofExample 29 Part I, the material from Part C was

oxidized to provide 2.15 g of 4-(2-propyl-li/-imidazo[435-c][l 55]naphthyridin--l-

yl)butane-l-sulfonyl chloride as a pale yellow solid.

PartE

Using the general method ofExample 29 Part J, the material from Part D (1 .0 eq)

was reacted with dimethylamine hydrochloride (1 .00 g, 2.1 eq) to provide 2.26 g ofN,N-

dimethyl 4-(2-propyl-liWmidazo[4,5-c][l,5]napta^ as a

yellow solid.

PartF

3-Chloroperoxybenzoic acid (1.98 g of 70%, 1.5 eq) was added to a solution of the

material from Part E (1 .0 eq) in chloroform (25 mL). The reaction was stirred at ambient

temperature for 1 hr. Analysis by LCMS indicated that the reaction was not complete.

More 3-chloroperoxybenzoic acid (0.36 g) was added and the reaction mixture was stirred

for another hour. Ammonium hydroxide (5 mL) was added followed by the portionwise

addition oftosyl chloride (1.12 g, 1.1 eq). The reaction mixture was stirred at ambient

temperature for 1 hr and then filtered to remove a white solid. The filtrate was diluted

with dichloromethane (50 mL) and saturated aqueous sodium bicarbonate (50 mL). The

phases were separated and the aqueous phase was extracted with dichloromethane (2 x 20

mL). The combined organics were dried over magnesium sulfate, filtered, and then

concentrated under reduced pressure to provide 3.03 g of crude product as an orange solid.

This material was purified by HPFC (silica gel eluting with 0-30% CMA in chloroform

over 1.2 L and 30% CMA in chloroform over 450 mL) to provide 1.36 g of a yellow solid.

This material was recrystallized from chloroform/hexanes and then dried under high

vacuum at 80 °C for 18 hrs to provide 0.747 g ofA^iV-dimethyl 4-(4-amino-2~propyl-lZ7-

imidazo[4,5-c][l,5]naphthyridin-l-yl)butane-l-sulfonamide as an off-white powder, mp

162-163 °C.
lHNMR (300 MHz, DMSO-d6) 5 8.51 (dd, J= 4.3, 1.6 Hz, 1H), 7.91 (dd, J

- 8.4, 1.6 Hz, 1H), 7.43 (dd, J= 8.4, 4.3 Hz, 1H), 6.74 (br s, 2H), 4.85 (t, J= 7.2 Hz, 2H),

3.10 (t, J= 7.7 Hz, 2H), 2.92 (t, 7.5 Hz, 2H), 2.70 (s, 6H), 1.95 (m5 2H), 1.87 (sextet, J
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- 7.5 Hz, 2H), 1.74 (m, 2H), 1.04 (t5 J= 7.4 Hz, 3H); MS (APCI) m/z 391 (M+l)+ ; Anal,

calcd for Ci SH26N602S: C, 55.36; H, 6.71; N, 21.52. Found: C, 55.18; H, 6.98; N, 21.28.

Example 3

1

4-(4-Amino-6,7-dimethyl-2-propyl-l#-imidazo[4,5-c]pyridin- 1 -yl)butane- 1-sulfonamide

NH0

The preparation of 4-(5 3
6-dimethyl-8-propyl-7i7-imidazo[4?5 -c]tetraazolo[1,5-

a]pyridin-7-yl)butane-l-sulfonyl chloride is described in Parts A-H ofExample 26. p-

Methoxybenzylamine (2.37 mL, 18.17 mmol, 2.2 eq) was added dropwise over 3 minutes

to a solution of 4-(5,6-dimethyl-8-propyl-7J7-imM^

yl)butane-l-sulfonyl chloride (3.18 g, 8.26 mmol, 1 eq) in dichloromethane (80 mL) at

ambient temperature and stirred overnight. The reaction mixture was diluted with

dichloromethane (150 mL) and water (50 mL) and the phases were separated. The

aqueous was extracted with dichloromethane (2x30 mL). The combined organics were

washed sequentially with water (3 mL) and brine (20 mL), dried over magnesium sulfate,

filtered and concentrated under reduced pressure. The crude reaction was purified by

HPFC (silica gel eluting with 2-30% CMA in chloroform) to provide 2.01 g ofN-(4-

methoxybenzyl) 4-(5,6-dimethyl~8-propyl-7i/-imidazo[4,5-c]tetraazolo[l,5»a]pyridin-7-

yl)butane-l-sulfonamide as a white foam.

Platinum IV oxide (340 mg), trifluoroacetic acid (35 mL), and iV-(4-

methoxybenzyl) 4-(5,6-dimethyl-8-propyl-7i7-imidazo[4,5-c]tetxaazolo[l,5-a]pyridin-^

yl)butane-l-sulfonamide (1.7 g, 3.5 mmol) were combined in a pressure vessel and placed

under hydrogen pressure (50 psi, 3.4 x 10
5
Pa) until analysis by HPFC indicated the

reaction was complete. The reaction mixture was filtered and the filter cake was washed

with methanol. The filtrate was concentrated under reduced pressure. The residue was

NH2

Part A

PartB
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diluted with IN hydrochloric acid (-10 mL) and then stirred at ambient temperature for 1

hr. The mixture was diluted with chloroform (50 mL) and the pH adjusted to 14 with 6N

sodium hydroxide. The phases were separated and the aqueous layer was extracted with

chloroform (2 x 30 mL), adjusted to pH of 10 with 1 N hydrochloric acid, and then back

extracted with chloroform (4 x 70 mL). The combined organics were dried over sodium

sulfate, filtered, concentrated under reduced pressure, triturated with acetonitrile, filtered

and dried under high vacuum at 100 °C for 3 hours and 80 °C over night to afford 0.352 g

of 4-(4-amino-6,7-dimethyl-2-propyl-l#-imidazo[4,5-c]pyridin-l -yl)butane- 1 -

sulfonamide as a white powder, mp 167.0-169.0 °C. *HNMR (300 MHz, DMSO-d6) 5

6.78 (s, 2H), 5.57 (s, 2H), 4.26-4.18 (m, 2H), 3.08-2.99 (m, 2H), 2.77 (dd, J= 7.7, 7.3 Hz,

2H), 2.37 (s, 3H), 2.30 (s, 3H), 1.86-1.72 (m, 6H), 1.00 (t, J— 7.4 Hz, 3H); MS (APCI)

m/z 340 (M)
+

; Anal. Calcd for C15H2sN5O2S*0.2H2O C, 52.52; H, 7.46; N, 20.41; Found:

C, 52.59; H, 7.68; N, 20.75.

Example 32

TV-Methyl 4-(4-Amino^

1-sulfonamide

The preparation of 4-(2-ethoxymethyl-l//-imidazo[4,5-c][l,5]naphthyridin-l-

yl)butane-l-sulfonyl chloride is described in Parts A-I ofExample 29. The general

method of Part J ofExample 29 was repeated using methylamine hydrochloride (0.726 g,

2.1 eq) in lieu of dimethylamine hydrochloride. Recrystallization was unnecessary to

provide 1.16 g ofiV-methyl 4-(2-ethoxymethyl-li/-imidazo[4,5-c][l,5]naphthyridin-l-

yl)butane- 1 -sulfonamide.

NH

Part A

PartB
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3-Chloroperoxybenzoic acid (0.96 g of 70%, 2 eq) was added to a solution ofN-

methyl 4-(2-ethoxymethyl-lK-imidazo[4,5-c] [ 1 ,5]naphthyridin- 1 -yl)butane- 1 -

sulfonamide. (1.05 g, 2.78 mmol, 1 eq) in chloroform (14 mL). The reaction was stirred at

ambient temperature for 3 hours followed by sequential addition ofammonium hydroxide

(4 mL) and tosyl chloride (0.58 g, 3.06 mmol). The reaction was stirred for 1 hour and

additional tosyl chloride (0.20 g) was added. The reaction mixture was diluted with

dichloromethane (40 mL) and saturated aqueous sodium bicarbonate. The phases were

separated and the aqueous layer was back extracted with dichloromethane (2 x 20 mL).

The combined organics were dried over magnesium sulfate, filtered and concentrated

under reduced pressure to provide an orange solid. The material was further purified by

HPFC (silica gel eluting with 0-30% CMA in chloroform), trituration with acetonitrile,

and drying in a vacuum oven at 75 °C to afford 0.503 g ofTV-Methyl 4-(4-amino-2-

ethoxymethyl-li7-imidazo[4,5^ as a white

powder, mp 148-150 °C. Anal, calcd for C17H24N6O3S: C, 52.02; H, 6.16; N, 21.41.

Found: C, 51.73; H, 6.41; N, 21.39.

Example 33

JV-Methyl 4-(4-Amino-2-propyl-lH-imidazo[4,5-c] [ 1 ,5]naphthyridin-l -yl)butane- 1 -

sulfonamide

The preparation of 4-(2-propyl- 1//-imidazo [4,5-c] [1,5]naphthyridin- 1 -yl)butane~ 1 -

sulfonyl chloride is described in Parts A-D ofExample 30. The general method of Part J

ofExample 29 was repeated using methylamine hydrochloride (0.92 g, 2.1 eq) in lieu of

dimethylamine hydrochloride to afford 1.64 g ofTV-methyl 4-(2-propyl-lijT-imidazo[4,5-

c] [ 1 ,5]naphthyridin-l -yl)butane- 1 -sulfonamide. Purification by column chromatography

or recrystallization was unnecessary for the next reaction.

Part A
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PartB

3-Chloroperoxybenzoic acid (1.66 g of 70%, 2 eq) was added to a solution ofN--

methyl 4-(2-propyl-177-imidazo[4,5-c] [ 1 ,5]naphthyridin- 1 -yl)butane- 1-sulfonamide ( 1 .74

g, 4.81 mmol, 1 eq) in chloroform (25 raL). The reaction was stirred at ambient

temperature for 1.5 hours followed by sequential addition ofammonium hydroxide (5 mL)

andjp-toluenesulfonyl chloride (1.01 g, 5.29 mmol). The reaction was stirred for 1 hour

and diluted with dichloromethane (40 mL) and saturated aqueous sodium bicarbonate.

The phases were separated and the aqueous layer was back extracted with

dichloromethane (2 x 20 mL). The combined organics were dried over magnesium

sulfate, filtered and concentrated under reduced pressure to provide an orange solid. The

material was further purified by HPFC (silica gel eluting with 0-30% CMA in

chloroform), trituration with acetonitrile, and drying under high vacuum at 100 °C to

afford 0.422 g ofiV-methyl 4-(4-amino-2-propyl-l//-imidazo[4,5-c][l 5
5]naphthyridin--l-

yl)butane-l-sulfonamide as an off-white solid, mp 174-175 °C. Anal, calcd for

C17H24N6O2S: C, 54.24; H, 6.43; N, 22.32. Found: C, 54.02; H, 6.42; N, 22.22.

Example 34

N-Methyl 4-(4-Amino-6,7-d^

butane- 1 -sulfonamide

(8-ethoxymethyl-5,6-dimethyl-7iY-imidazo [4,5-c]tetraazolo [ 1 ,5-a]pyridin-7-yl)butane- 1 -

sulfonyl chloride (2.38 g, 5.94 mmol, synthesis described in Parts A-D ofExample 28) in

dichloromethane (60 mL) at ambient temperature. Dropwise addition of6M potassium

carbonate (2.5 mL) followed and the reaction was stirred overnight. The reaction mixture

was diluted with dichloromethane (150 mL) and saturated aqueous sodium bicarbonate

Part A
Methylamine hydrochloride (0.85 g, 12.5 mmol) was added to a suspension of 4-
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and separated. The aqueous layer was back-extracted with dichloromethane (3 x 50 mL)

and the combined organics were washed with saturated aqueous sodium bicarbonate (2 x

50 mL), dried over magnesium sulfate, filtered, and concentrated under reduced pressure

to afford 1.87 g of iV-methyl 4-(8-ethoxymethyl-5 36-dimethyl-7//-imidazo[4)
5-

5 c]tetraazolo[l,5-a]pyridin-7-yl)butane-l-sulfonamide as a white foam.

PartB

Platinum IV oxide (400 mg), trifluoroacetic acid (50 mL), and JV-methyl 4-(8-

ethoxymethyl-5,6-dimethyl-7^T-imidazo[4,5-c]tetraazolo[ 1 ,5-a]pyridin-7-yl)butane- 1-

1 0 sulfonamide (1 .87 g, 4.73 mmol) were combined in a pressure vessel and placed under

hydrogen pressure (50 psi, 3.4 x 10
5
Pa) and agitated over the weekend. Analysis by

HPLC indicated the reaction was incomplete and additional platinum IV oxide (150 mg)

was added. After 24 hours, the reaction mixture was filtered and the filter cake was

washed with methanol. The filtrate was concentrated under reduced pressure. The residue

15 was diluted with IN hydrochloric acid (~5 mL) and then stirred at ambient temperature for

1 hr. The mixture was cooled to 0 °C and diluted with chloroform (100 mL) and the pH

adjusted to 14 with 6N sodium hydroxide. The phases were separated and the aqueous

layer was extracted with chloroform (3 x 100 mL). The combined organics were dried

over sodium sulfate, filtered, and concentrated under reduced pressure, triturated with

20 acetonitrile, filtered and concentrated to give a white solid. The material was further

purified by HPFC (silica gel eluting with 15-40% CMA in chloroform) and recrystallized

from acetonitrile to afford 0.592 g ofAT-methyl 4-(4-amino-6,7-dimethyl-2-ethoxymethyl-

li^-imidazo[4
5
5-c]pyridin--l--yl)butane-l--sulfonamide as a white powder, mp 194.5-196.0

°C.
!HNMR (300 MHz, DMSO-d6) 6 6.89 (q, J= 5.0 Hz, 1H), 5.77 (s, 2H), 4.65 (s, 2H),

25 4.30 (dd, J= 8.2, 7.3 Hz, 2H), 3.51 (q, /= 7.0 Hz, 2H), 3.05 (dd
5 J= 7.7, 7.3 Hz, 2H),

2.56 (d, J= 5.0 Hz, 3H), 2.38 (s, 3H), 2.31 (s, 3H), 1.92-1.66 (m, 4H), 1.15 (t, 7.0 Hz,

3H); MS (APCI) m/z 370 (M)
+

; Anal. Calcd for C16H27N5O3S C, 52.01; H, 7.37; N, 18.95;

Found: C, 51.92; H, 7.45; N, 19.04.
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Example 35

4-(4-Amino-2-etto^

sulfonamide

The general method ofExample 31 was followed using 4-(8-ethoxymethyl-5,6-

dimethyl-7#-imidazo[4,5^ chloride (2.38

g, 5.94 mmol, synthesis described in Parts A-D ofExample 28) in lieu of 4-(5,6-dimethyl-

8-propyl-7/f-imidazo[4,5-c]tetraazolo [ 1 ,5-<|pyridin-7-yl)butane- 1 -sulfonyl chloride.

10 Purification was performed by successive triturations with ethyl acetate in lieu of column

chromatography to afford 1.73 g ofN-(4-methoxybenzyl) 4-(8-ethoxymethyl-5 5
6-

dimethyl-7#-imidazo[4,5-c]te^

PartB

15 Platinum IV oxide (350 mg), trifluoroacetic acid (35 mL), and N-(4-

methoxybenzyl) 4-(8-ethoxymethyl-5 ?
6-dimethyl-7f/-imidazo[43

5-c]tetraazolo[l ,5-

a]pyridin-7-yl)butane-l-sulfonamide (1.73 g5 3.45 mmol) were combined in a pressure

vessel and placed under hydrogen pressure (50 psi, 3.4 x 10
D
Pa) until analysis by HPLC

indicated the reaction was complete. The reaction mixture was filtered and the filter cake

20 was washed with methanol. The filtrate was concentrated under reduced pressure. The

residue was diluted with IN hydrochloric acid (-10 mL) and then stirred at ambient

temperature for 1 hr. The mixture was cooled to 0 °C and diluted with chloroform (100

mL) and the pH adjusted to 14 with 6N sodium hydroxide. The phases were separated and

the aqueous layer was adjusted to pH 7 with IN hydrochloric acid and back-extracted with

25 chloroform (2x30 mL). The combined organics were dried over sodium sulfate, filtered,

and concentrated under reduced pressure. The solids were triturated sequentially with

acetonitrile and ethyl acetate and dried under high vacuum at 80 °C. Under sonication for
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3 minutes, 6N sodium hydroxide (5 mL) and water (3 mL) were added to the solid,

followed by adjustment of the pH of the mixture to 1 1 with 6N hydrochloric acid. The

solution was cooled to 0 °C, filtered, washed with water, triturated with acetonitrile to

afford 237 mg of4-(4-amino-2-ethoxymethy

yl)butane-l -sulfonamide as a white powder, mp 200.0-201 .5 °C. *HNMR (300 MHz,

DMSO-d6) 5 6.79 (s, 2H), 5.77 (s, 2H), 4.66 (s, 2H), 4.30 (dd, J= 8.0, 6.4 Hz, 2H), 3.51

(q, J= 7.0 Hz, 2H), 3.03 (dd, J= 7.7, 6.6 Hz, 2H), 2.38 (s, 3H), 2.31 (s, 3H), 1.91-1.71 (m,

4H), 1.15 (t, J= 7.0 Hz, 3H); MS (APCI) m/z 356 (M)
+

; Anal. Calcd for C-

15H25N5O3S-0.4H2O C, 49.68; H, 7.17; N, 19.31; Found: C, 49.97; H, 7.38; N, 19.67.

Example 36

3-[4-Amino-2-(ethoxymethyl)-liT-imidazo[4,5-c]quinolin- 1 -yl]-Af,2,2-trimethylpropane- 1 -

sulfonamide

Using the general method ofExample 11 Part A, 3-[2-(ethoxymethyl)-lif-

imidazo[4,5-c]quinolin-l-yl]-2,2-dimethylpropane-l-sulfonyl chloride (2.33 g, 5.88 mmpl,

1.0 eq) was reacted with methylamine hydrochloride (834 mg, 2.1 eq) to provide 2.0 g of

crude product. This material was purified by HPFC (silica gel eluting with 0-100% B in

chloroform over 8 column volumes and then 100% B for 7 column volumes, B is

premixed 5:95 methanol:chloroform) to provide 1.5 g of an off white foam. This material

was purified by HPFC (silica gel eluting with 0-10% B in ethyl acetate for 6 column

volumes and then 10% B for 6 column volumes, B is 10% methanol in ethyl acetate) to

provide 0.90 g of 3-[2-(ethoxymethyl)-l^-imidazo[4 55-c]quinolin-l-yl]-7V,2,2-

trimethylpropane-1 -sulfonamide as a white foam.

Part A

PartB
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Us
t

ing the general method ofExample 1 1 Part B, the material from Part A was

oxidized and then aminated. The crude product was triturated sequentially with ethyl

acetate and acetonitrile to provide 270 mg of 3-[4-amino-2-(ethoxymethyl)-^

imidazo[4,5-c]quinolin-l-yl]-iV^ as a tan powder, mp

5 161-163 °C. *HNMR (300 MHz, DMSO-d6): 8 8.38 (d, J=7.7 Hz, 1H), 7.59 (dd, J=l .2,

8.3 Hz, 1H), 7.42 (m, 1H), 7.21 (m, 1H), 7.02 (q, J-5.0 Hz, 1H), 6.61 (br s, 2H), 5.04-4.70

(m, 4H), 3.55 (br, 2H), 2.61 (dd, J-4.9 Hz, 3H), 1.14 (t, J=7.0 Hz, 3H), 1.03 (br s, 6H);

MS (APCI) m/z 406 (M+H)
+

; Anal, calcd for C19H27N5O3S: C, 56.28; H, 6.71; N, 17.27.

Found: C, 56.24; H, 6.69; N, 17.06.

10

Example 37

4-[4-Amino-2-(ethoxymethyl)-liif-imidazo[4,5-c]quinolin- 1 -yl] -iV-isopropylbutane- 1 -

sulfonamide

Part A 1

Using the general method ofExample 11 Part A, 3-[2-(ethoxymethyl)-l//-

imidazo[4,5-c]quinolin-l-yl]butane-l-sulfonyl chloride (4.1 g, 10.7 mmol, 1.0 eq) was

reacted with isopropyl amine (0.70 g, 11.8 mmol, 1.1 eq) to provide 4.2 g of crude

20 product. This material was purified by HPFC (silica gel eluting with 17% CMA in

chloroform for 7 column volumes) to provide 2-(ethoxymethyl)-liy-imidazo[4,5-

c]quinolin- 1 -yl] -7V-isopropylbutane- 1 -sulfonamide.

PartB

25 Using the general method ofExample 1 1 Part B, the material from Part A
was oxidized and then aminated. The crude product was purified by trituration with

acetonitrile followed by recrystallization from ethanol to provide 176 mg of product. The
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filtrate was concentrated and the residue was purified by HPFC (silica gel eluting with 0-

20% CMA in chloroform over 8 column volumes and then with 20% CMA in chloroform

for 9 column volumes) to provide 0.36 g of a light yellow oil. This material was triturated

with ethanol (15 mL). The resulting solid was isolated by filtration, rinsed with ethanol (2

x 2 mL), and then dried under high vacuum at 80 °C to provide 214 mg of 4-[4-amino-2-

(ethoxymethyl)- li/-imidazo [4,5-c]quinolin- 1-yl]-iV-isopropylbutane- 1-sulfonamide as a

white powder, mp 146-147°C. *HNMR (300 MHz, DMSO-d6): 6 8.05 (d, J=7.6 Hz, 1H),

7.62 (dd, J-l.l, 8.3 Hz, 1H), 7.45 (m, 1H), 7.26 (m, 1H), 6.99 (d, J=7.6 Hz, 1H), 6.58 (br

s, 2H), 4.78 (s, 2H), 4.60 (m, 2H), 3.57 (q, J=7.0 Hz, 2H), 3.38 (m, 1H), 3.05 (m, 2H),

1.98 (m, 2H), 1.84 (m, 2H), 1.17 (t, J=7.0 Hz, 3H), 1.09 (d, J=6.5 Hz, 6H); MS (APCI)

m/z 420 (M+H)+ ; Anal, calcd for C2oH29N503S: C, 57.26; H, 6.97; N, 16.69. Found: C,

57.15; H, 6.96; N, 16.77.

Example 38

5-[4-amino-2-(ethoxymethyl^

1 -sulfonamide

5-[4-Amino-2-(ethoxymethyl)-l#-imidazo[4,5-c]quinolin- 1 -yljpentane- 1 -

sulfonamide (1.2 g) was reduced using the general method ofExample 18. The crude

product was placed under high vacuum until the clear oil had a steady weight of 1 .2 g.

The oil was combined with water (10 mL) and the pH was adjusted to pH 12 with 10%

sodium hydroxide. The mixture was stirred for an hour and then filtered. The filtrate was

adjusted to pH 7.5 with 6M hydrochloric acid. The resulting precipitate was isolated by

filtration, recrystallized from methanol and then dried to provide a white solid. This

material was dissolved in 12M hydrochloric acid (5 mL) and then stirred overnight. The

mixture was chilled in an ice bath and then the pH was adjusted to pH 8 by slowly adding

6M potassium carbonate. The resulting suspension was stirred for 2 hours and the pH was
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adjusted to pH 12 with 10% sodium hydroxide. After stirring for an additional 2 hours the

mixture was filtered. The filtrate was concentrated under reduced pressure. The residue

was recrystallized from methanol and then dried under vacuum at 78 °C overnight to

provide about 0.17 g of a white solid. This material was slurried with hot water and then

allowed to cool to ambient temperature. The solid was isolated by filtration, rinsed with

water (2x1 mL) 5 air dried, and then dried under high vacuum at 1 1 0 °C for 1 5 minutes to

provide 178 mg of 5-[4-amino-2-(ethoxymethyl)-6J,8,9-te1xahydro-l7/-imidazo[4
?
5--

c]quinolin-l-yl]pentane-l-sulfonamide as a white powder, mp 203-205°C.
2H NMR (300

MHz, DMSO-d6): 5 6.73 (s, 2H), 5.80 (s, 2H), 4.64 (s, 2H), 4.24 (m, 2H), 3.50 (q, J=7.0

Hz, 2H), 2.98 (m, 4H), 2.66 (m, 2H), 1.77 (m, 8H), 1.47 (m, 2H), 1.14 (t, J=7.0 Hz, 3H);

MS (APCI) m/z 396 (M+H)+ ; Anal, calcd for C 18H29N503S: C, 54.66; H, 7.39; N, 17.71.

Found: C, 54.59; H, 7.65; N, 17.88.

TV-Methyl 4-(4-amino-2-ethyl- liiZ-imidazo[4,5-c]quinolin- 1 -yl)butane- 1 -

sulfonamide (420 mg) was reduced using the general method ofExample 18. The reaction

mixture was diluted with chloroform (5 mL) and methanol (10 mL) and then filtered

through a layer ofCELITE filter aid. The filter cake was rinsed with methanol (2x2 mL).

The filtrate was concentrated under reduced pressure. The residue was combined with

dichloromethane (50 mL) and saturated aqueous sodium bicarbonate (about 20 mL) and

the mixture was stirred vigorously for 30 minutes. The organic layer was separated, dried

over magnesium sulfate, and then concentrated under reduced pressure to provide 0.51 g

of crude product as a white solid. A 50 mg portion was removed. The remaining material

Example 39

i\T-Methyl4-(4-amino-2-ethyl-6 ?7,8 ?9-tetrahydro-

1iZ-imidazo [4,5-c]quinolin- 1-yl)butane- 1-sulfonamide
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was combined with concentrated hydrochloric acid (about 10 mL) to provide a hazy

solution. 6M potassium carbonate was added dropwise with cooling to maintain the

temperature below 35 - 40 °C until the pH was about 10-11. The mixture was stirred for

about 10 minutes. The resulting precipitate was isolated by filtration, rinsed with water (3

5 x 4 mL), and dried under high vacuum to provide 338 mg of a white solid. This material

was purified by HPFC (silica gel eluting for 15 column volumes with 10/90

methanol/chloroform) to provide a clear oil. The oil was transferred to a vial with

dichloromethane; partial evaporation of the solvent provided a white solid. This material

was isolated by filtration, rinsed with dichloromethane (2x1 mL), and dried under high

1 0 vacuum to provide 202 mg of a white crystalline solid. This material was dissolved in

warm methanol (about 9 mL), concentrated under reduced pressure, and then dried under

high vacuum to provide a clear oil. The oil was dissolved in 1/1 methanol/ethyl acetate

(about 8 mL), concentrated under reduced pressure, and then dried under high vacuum at

75 °C to provide 138 mg ofiV-methyl 4-(4-amino-2»ethyl-6,7,8,9-tetrahydro-li7-

15 imidazo[4,5-c]quinolin-l-yl)butane-l -sulfonamide as a white powder, mp 166-170 °C. *H

NMR (300 MHz, DMSO-d6): 5 6.88 (q, J=5.0 Hz, 1H), 5.81 (br s, 2H), 4.20 (m, 2H), 3.06

(m, 2H), 2.94 (m, 2H), 2.82 (q, J=7.5 Hz, 2H), 2.66 (m, 2H), 2.56 (d, J=5.0 Hz, 3H), 1.76

(m, 8H), 1.32 (t, J=7.4 Hz, 3H); MS (APCI) m/z 366 (M+H)+; Anal, calcd for

Ci7H27N5O2S-0.50 H20: C, 54.52; H, 7.54; N, 18.70. Found: C, 54.82; H, 7.71; N, 18.58.

20

Example 40

4-[4-Amino-2-(ethoxymethyl)-li^imidazo[4,5-c]quinolin-l-yl]-

iV
r

-(pyridin-2-yl)butane- 1-sulfonamide

25
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Part A
Using the general method ofExample 8 Part I, l-(4-chlorobutyl)-2-ethoxymethyl-

liY-imidazo[4,5-c]quinoline (21.2 g) was oxidized and then aminated to provide 26.8 g of

crude product as a brown solid. This material was triturated with ethyl acetate (100 mL).

5 The resulting offwhite solid was isolated by filtration, rinsed with ethyl acetate (3x30

mL), and dried under high vacuum to provide 15.18 g of l-(4-chlorobutyl)-2-

ethoxymethyl-liT-imidazo[4,5-c]quinolin-4-amine.

PartB

10 Using the general method ofExample 8 Part E, l-(4-chlorobutyl)-2-ethoxymethyl-

1iY-imidazo[4,5-c]quinolin-4-amine (2.00 g, 6.02 mmol) was reacted with potassium

thioacetate (824 mg, 7.23 mmol) to provide 2.23 g of S-
[4

-(4-amino-2-ethoxymethyl-

1

H-

imidazo[49
5-c]quinolin-l-yl)butyl] thioacetate as yellow powder.

15 PartC

The material from Part B was hydrolyzed using the general method ofExample 8

Part F. The crude product was purified by flash chromatography (5 x 15 cm column of

silica gel eluting with a gradient of 10 to 20 % CMA in chloroform) to provide 1 .43 g of

4-(4-amino-2-ethoxymethyl-lff-imidazo [4,5 -c] quinolin- 1-yl)butane-1 -thiol.

20

PartD

Using the general method ofExample 8 Part G, 4-(4-amino-2-ethoxymethyl-li7-

imidazo[4,5-c]quinolin- 1-yl)butane- 1 -thiol (380 mg) was oxidized to provide 280 mg of 4-

(4-amino-2-ethoxymethyl-liW^ chloride as a

25 brown foam. *

PartE

Solid 2-aminopyridine (265 mg, 4 eq) was added to the material from Part D (1 eq)

followed by the rapid addition ofpyridine (3.5 mL). The resulting solution was stirred at

30 ambient temperature for 1 hr and then concentrated under reduced pressure. The residue

was diluted with methanol (40 mL), concentrated under reduced pressure, and then dried

under high vacuum. The residue was suspended in warm 1/1 methanol/dichloromethane,
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absorbed onto silica gel, and then purified byHPFC (eluting with a gradient of 0 to 35 %

CMA in chloroform over 15 column volumes and then with 35 % CMA in chloroform for

8 column volumes) to provide 79 mg of a light yellow solid. This material was

recrystallized from ethanol and then dried under high vacuum at 75-100 °C until analysis

by *HNMR indicated that the ethanol had been removed to provide 62 mg of 4-[4-amino-

2-(ethoxymethyl)-lif-imidazo[4,5 -c]quinolin- 1 -yl]-N-(pyridin-2-yl)butane- 1 -sulfonamide

as light yellow powder, mp 197-200 °C.
!HNMR (300 MHz, DMSO-d6): 510.89 (br s,

1H), 8.15 (d, J=5.4 Hz, 1H), 8.04 (d, J=7.8 Hz, 1H), 7.71 (ddd, J-1.9, 7.3, 8.5 Hz, 1H),

7.62 (dd, J=L1, 8.3 Hz, 1H), 7.45 (m, 1H), 7.25 (m, 1H), 6.99 (m, 2H), 6.63 (br s, 2H),

4.76 (s, 2H), 4.59 (m, 2H), 3.51 (m, 4H), 1.94 (m, 4H), 1.11 (t, J=7.0 Hz, 3H); MS (APCI)

m/z 455 (M+H)+; Anal, calcd for C22H26N603S: C, 58.13; H, 5.77; N, 18.49. Found: C,

57.95; H, 5.71; N, 18.28.

4-Methoxybenzylamine (1.96 mL, 2.1 eq) was added to a solution of 3-(2-

ethoxymethyl-lif-imidazo[4,5-c] quinolin- 1 -yl)-2,2-dimethylpropane- 1 -sulfonyl chloride

(2.83 g, 1.0 eq) in dichloromethane (36 mL). The resulting suspension was stirred for 1

hour at ambient temperature then diluted with dichloromethane (100 mL) and washed with

water (40 mL). The organic layer was dried over magnesium sulfate and concentrated

under reduced pressure to provide 3.3 g of crude product as an oil. This material was

purified by HPFC (silica gel eluting with 0-20% CMA in chloroform for 8 column

volumes and then 20% CMA in chloroform for 3 column volumes) to provide 1 .63 g of 3-

Example 41

3-[4-Amino-2-(ethoxymethyl)-li7-imidazo[4,5-c]quinolin-l-yl]-

A^-(4-methoxybenzyl)-2,2-dimethylpropane- 1 -sulfonamide

NH2

Part A
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[2-(ethoxymethyl>1^

dimethylpropane-1-sulfonamide as a light yellow foam.

PartB

Using the general method ofExample 8 Part I, the material from Part A was

oxidized and then aminated to provide 1 .87 g of crude product as a tan foam. This

material was purified by HPFC (silica gel eluting with 0-20% CMA in chloroform for 7

column volumes and then 20% CMA in chloroform for 5 column volumes) to provide 1.36

g of a tan foam. This material was triturated with methanol (1 0 mL), isolated by filtration,

rinsed with methanol (3x7 mL), and then dried under high vacuum to provide 993 mg of

3-[4-amino-2-(ethoxymethyl)-l^^

dimethylpropane-1-sulfonamide as a white powder, mp 203-205 °C.
XHNMR (300 MHz,

DMSO-d6): 8 8.36 (d, J=8.5 Hz, 1H), 7.61 (m, 2H), 7.42 (m, 1H), 7.23 (m, 3H), 6.92 (m,

2H), 6.61 (br s, 2H), 4.68 (br m, 4H), 4.09 (d, J=6.0 Hz, 2H), 3.75 (s, 3H), 3.55 (br, 2H),

1.14 (t, J=7.0 Hz, 3H), 1.03 (s, 6H); MS (APCI) m/z 512 (M-HH)
+

; Anal, calcd for

C26H33N5O4S: C, 61.04; H, 6.50; N, 13.69. Found: C, 60.87; H, 6.60; N, 13.68.

Trifluoroacetic acid (8 mL) and anisole (213 |iL, 1.2 eq) were added sequentially

to solid 3-[4-amino-2-(ethoxymethy^

methoxybenzyl)-2,2-dimethylpropane-l -sulfonamide (834 mg, 1.63 mmol, 1.0 eq). The

resulting solution was stirred at ambient temperature for 22 hours and then concentrated

under reduced pressure. The residue was partitioned between dichloromethane (50 mL)

and saturated aqueous sodium bicarbonate (about 35 mL). The layers were separated and

Example 42

3-[4-Amino-2-(ethoxymethyl)-l//-imidazo[4,5-c]quinolin-l-yl]-

2,2-dimethylpropane- 1-sulfonamide
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the aqueous layer was extracted with chloroform (1 x 40 mL) and then with 10 %
methanol in chloroform (4 x 25 mL). The combined organics were dried over magnesium

sulfate and then concentrated under reduced pressure to provide 1.15 g of a light yellow

semisolid. This material was dissolved in 10 % methanol in ethyl acetate, allowed to stand

for 1 hour, and then filtered to remove a small amount of insoluble material which had

formed on standing. The filtrate was concentrated under reduced pressure and then dried

under high vacuum. The residue was triturated with methanol (about 5 mL), isolated by

filtration, and rinsed with methanol (4x2 mL) to provide 475 mg of a yellow solid. This

material was slurried with hot 5 % methanol in chloroform (about 3-4 mL), allowed to

cool to ambient temperature, isolated by filtration, rinsed with 5 % methanol in chloroform

(3x1 mL), and then dried under high vacuum to provide 395 mg of a light yellow solid.

This process was repeated to provide 352 mg of 3-[4-amino-2-(ethoxymethyl)-lJy-

imidazo[4,5-c]quinolin-l-yl]-2,2-dimethylpropane-l-sulfonamide as light yellow powder,

mp 229-231 °C.
!HNMR (300 MHz, DMSO-d6): 58.36 (d, J=8.0 Hz, 1H), 7.59 (dd,

J=l.l, 8.3 Hz, 1H), 7.42 (m, 1H), 7.21 (m, 1H), 7.02 (br s, 2H), 6.61 (br s, 2H), 4.70 (m,

4H), 3.55 (br, 2H), 1.14 (t, J-7.0 Hz, 3H), 1.05 (s, 6H); MS (EI) m/z 392 (M+H)+ ; Anal,

calcd for C18H25N5O3S: C, 55.22; H, 6.44; N, 17.89. Found: C, 55.02; H, 6.64; N, 18.08.

Tosyl chloride (4.67 g, 1.2 eq.) and 4-dimethylaminopyridine (46 mg, 0.02 eq)

were added sequentially to a suspension of 2,2-dimethyl-3-[(3-nitroquinolin-4-

yl)amino]propanol (5.19 g, 18.8 mmol, 1.0 eq) in pyridine (35 mL). The reaction mixture

was stirred at ambient temperature over night and then concentrated under reduced

pressure. The residue was dilute with chloroform (300 mL) and washed with water (60

Part A
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mL). The aqueous wash was extracted with dichloromethane (75 mL). The combined

organics were dried over magnesium sulfate and then concentrated under reduced pressure

to provide 7.88 g of2,2-dimethyl-3-[(3-nitroquinolm-4-yl)amino]propylp-

toluenesulfonate as a yellow solid.

PartB

A mixture of 2 3
2-dimethyl-3-[(3-nitroquinolin-4-yl)amino]propyl p-

toluenesulfonate (5.37 g, 12.5 mmol), 10 % palladium on carbon (530 mg), and

acetonitrile was placed under hydrogen pressure (50 psi, 3.4 x 10
5
Pa) on a Parr apparatus

for 6 hours. The reaction mixture was filtered through a layer ofCELITE filter aid. The

filter cake was rinsed with acetonitrile until the rinse was colorless. The filtrate was

concentrated under reduced pressure to provide 4.50 g of crude 3-[(3-aminoquinolin-4-

yl)amino]-2,2-dimethylpropyl ^-toluenesulfonate as an orange oil.

PartC

Trimethyl orthoacetate (1.72 mL, 1.2 eq) and pyridine hydrochloride (130 mg, 0.1

eq) were added sequentially to a suspension of the material from Ifart B (1 eq) in toluene

(111 mL). The reaction mixture was heated at 100 °C for 1 hour, cooled to ambient

temperature overnight, combined with the material from another run, and then

concentrated under reduced pressure to provide 5.50 g of crude product as a brown foam.

This material was purified by HPFC (silica gel eluting with a gradient of 0 to 20 % CMA

in chloroform over 7 column volumes and then with 20% CMA in chloroform for 5

column volumes) to provide 3.94 g of 3-(2-methyl-l//-imidazo[4,5-c]quinolin-l~yl)-2,2-

dimethylpropyl ^-toluenesulfonate as a white foam.

PartD

Potassium thiocyanate (155 mg, 2.0 eq) was added to a solution of 3-(2-methyl-

l//-imidazo[4,5-c]quinolin-l-yl)-2,2-dimethylpropyl ^-toluenesulfonate (338 mg, 0.80

mmol, 1 .0 eq) in w-propanol (4.0 mL). The reaction mixture was heated in an EMRYS

OPTIMIZER microwave synthesizer (available from Biotage, Inc, Charlottesville,

Virginia, USA) at 190 °C for 20 minutes. The reaction was repeated. The combined

reaction mixtures were concentrated under reduced pressure. The residue was partitioned
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between chloroform (100 mL) and water (75 mL). The organic layer was washed with

brine (50 mL), dried over magnesium sulfate, and concentrated under reduced pressure to

provide 0.50 g of an oil. The oil was purified by HPFC (silica gel eluting with a gradient

of 0 to 20 % CMA in chloroform over 8 column volumes and then with 20% CMA in

chloroforcn for 4 column volumes) to provide 390 mg of 3-(2-methyl-liWmidazo[4,5-

c]quinolin-l-yl)-2,2-dimethylpropyl thiocyanate as a clear oil.

PartE

Sodium borohydride (95 mg, 2.0 eq) was added to a chilled (0 °C) solution of the

material from Part D (1 .0 eq) in ethanol (12 mL). The reaction mixture was allowed to

warm to ambient temperature. After 3 hours the reaction was quenched with hydrochloric

acid (about 1 mL of7 M), stirred for several minutes, and then concentrated under reduced

pressure. The residue was dissolved in dichloromethane (125 mL) then water (75 mL)

was added. The mixture was made basic (pH about 7) with saturated sodium bicarbonate.

The organic layer was separated, dried over magnesium sulfate, and concentrated under

reduced pressure to provide 330 mg of 3-(2-methyl-liZ-imidazo[4 ?
5-c]quinolin-l-yl)-2 ?

2-

dimethylpropane-1 -thiol as an oil-

Part F

A solution ofbenzyltrimethylammonium chloride (663 mg, 3.4 eq) and

trichloroisocyanuric acid (268 mg, 1.1 eq) in dichloromethane (5 mL) was stirred at

ambient temperature for 45 minutes and then added dropwise over a period of about 2

minutes to a chilled (0 °C) solution of the material from Part E (1.0 eq) and water (47 [iL,

2.5 eq) in dichloromethane (6 mL). After 45 minutes 4-methoxybenzylamine (0.89 mL,

6.5 eq) was added and then the reaction mixture was allowed to warm to ambient

temperature and stirred for 2 hours. The reaction mixture was diluted with

dichloromethane (125 mL), washed with water (2 x 200 mL), dried over magnesium

sulfate, and then concentrated under reduced pressure to provide 0.67 g of crude product

as an oil. The oil was purified by HPFC (silica gel eluting with a gradient of 0 to 20 %
CMA in chloroform over 8 column volumes and then with 20% CMA in chloroform for 4

column volumes) and combined with the material from another run to provide 757 mg of
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jV-(4-methxoybenzyl) 3-(2-methyl-l#-imidazo^

1 -sulfonamide as a white foam.

PartG

5 3-Chloroperoxybenzoic acid (490 mg, 1 .2 eq based on a 70% titer) was added to a

solution ofthe material from Part F (1.0 eq) in chloroform (16 mL). The reaction mixture

was stirred at ambient temperature for 40 minutes and then combined with concentrated

ammonium hydroxide (4 mL). Tosyl chloride (379 mg, 1.2 eq) was added in portions over

a period of several minutes. The reaction mixture was stirred for 1 hour and then diluted

10 with chloroform (100 mL) and washed with water (50 mL). The aqueous layer was

extracted with dichloromethane (30 mL). The combined organics were dried over

magnesium sulfate and concentrated under reduced pressure to provide 0.89 g of crude

product as a brown foam. This material was purified by HPFC (silica gel eluting with a

gradient of 0 to 30 % CMA in chloroform over 8 column volumes and then with 30%

15 CMA in chloroform for 8 column volumes) to provide 500 mg of 3-(4-amino-2-methyl-

177-imidazo[4,5-c]quinolin- 1 -yl)-iV-(4-methxoybenzyl)-2 ?
2-dimethylpropane- 1 -

sulfonamide as a tan/orange powder.

PartH

20 The material from Part G was dissolved in trifluoroacetic acid (11 mL) and stirred

at ambient temperature for 4.5 hours. Platinum (IV) oxide (500 mg) was added and the

mixture was placed under hydrogen pressure (50 psi, 3.4 x 10
5
Pa) on a Parr apparatus for

20 hours. The reaction mixture was filtered through a layer ofCELITE filter aid. The

filter cake was rinsed sequentially with trifluoroacetic acid (2x8 mL), methanol (3x15

25 mL), and 1/1 methanol/chloroform (2x15 mL). The filtrate was concentrated under

reduced pressure. The residue was partitioned between dichloromethane (150 mL) and

water (75 mL) and the aqueous pH was adjusted to about 8-9. The layers were separated.

The aqueous layer was extracted with dichloromethane (3 x 50 mL) and 10% methanol in

dichloromethane (2 x 50 mL). The combined organics were dried over magnesium sulfate

30 and concentrated under reduced pressure to provide 0.44 g of crude product as a brown

semisolid. This material was purified by HPFC (silica gel eluting with a gradient of20 to

50 % CMA in chloroform over 5 column volumes and then with 50% CMA in chloroform
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for 6 column volumes) to provide 180 mg of a white semisolid. This material was

crystallized from hot isopropanol (about 8 mL), isolated by filtration, rinsed with

isopropanol (3x2 mL), and dried under high vacuum to provide 131 mg of a white solid.

This material was dissolved in hot methanol, the methanol solution was concentrated, and

5 the solid was isolated by filtration. This procedure was repeated using ethanol and the

resulting solid was dried under high vacuum at 100 °C for 48 hours to provide about 125

mg of 3-(4-amino-2-methyl-6,7,8,94^

dimethylpropane-1 -sulfonamide as an offwhite solid, mp 242-243 °C (dec).
lU NMR

(300 MHz, DMSOd6): 86.97 (s, 2H), 5.71 (s, 2H), 4.38 (br, 2H), 3.15 (hr, 2H), 2.88 (br,

10 2H), 2.66 (br, 2H), 1.74 (br, 4H), 1.01 (s, 6H); MS (EI) m/z 352 (M+H)
+

; Anal, calcd for

Ci 6H25N5O2S*0.10 C3H8O0.22 H20: C, 54.17; H, 7.32; N, 19.38. Found: C, 54.01; H,

7.16; N, 19.44.

1 5 Exemplary Compounds

Certain exemplary compounds, including some of those described above in the

Examples, have the following Formulas Ic, He, Ilia, and TVa and the following Ri, Ri\

X', and R2 substituents, wherein each line ofthe table represents a specific compound.

20
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Ri' X' R2

hydrogen hydrogen -(CH2)2
- methyl

hydrogen hydrogen -(CH2)2- ethyl

hydrogen hydrogen -(CH2)2
- n-propyl

hydrogen hydrogen -(CH2)2
- n-butyl

hydrogen hydrogen -(CH2)2
- ethoxymethyl

hydrogen hydrogen -(CH2)2- 2-methoxyethyl

hydrogen hydrogen -(CH2)2
- hydroxymethyl

hydrogenJ S?
hydrogen -(CH2)2

- 2-hydroxyethyl

hydrogen
j. ^ hydrogen -(CH2)3

- methyl

hydrogen hydrogen -(CH2)3
- ethyl

hydrogen hydrogen -(CH2)3 - n-propyl

hydrogen hydrogen -(CH2)3 - n-butyl

hydrogen hydrogen -(CH2)3- ethoxymethyl

hydrogenj g-
hydrogen -(CH2)3- 2-methoxyethyl

hydrogen hydrogen -(CH2)3
- hydroxymethyl

hydrogen hydrogen -(CH2)3- 2-hydroxyethyl

hydrogen hydrogen -(CH2)4- methyl

hydrogen hydrogen -(CH2)4- ethyl

hydrogen hydrogen -(CH2)4
- n-propyl

hydrogen hydrogen -(CH2)4
- n-butyl

hydrogen hydrogen -(CH2)4- ethoxymethyl

hydrogen hydrogen -(CH2)4- 2-methoxyethyl

hydrogen hydrogen -(CH2)4- hydroxymethyl

hydrogen hydrogen ~(CH2)4
- 2-hydroxyethyl

hydrogen hydrogen -(CH2)5- methyl

hydrogen hydrogen -(CH2)5- ethyl

hydrogen hydrogen -(CH2)5- n-propyl

hydrogen hydrogen
si — -(CH2)5- n-butyl

hydrogen hydrogen -(CH2)5- ethoxymethyl

hydrogen hydrogen -(CH2)5
- 2-methoxyethyl

hydrogen hydrogen -(CH2)5- hydroxymethyl

hydrogen hydrogen -(CH2)5- 2-hydroxyethyl

hydrogen hydrogen -CH2C(CH3)2CH2
- methyl

hydrogen hydrogen -CH2C(CH3)2CH2
- ethyl

hydrogen hydrogen -CH2C(CH3)2CH2
- n-propyl

hydrogen hydrogen -CH2C(CH3)2CH2
- n-butyl

hydrogen hydrogen -CH2C(CH3)2CH2
- ethoxymethyl

hydrogen hydrogen -CH2C(CH3)2CH2
- 2-methoxyethyl

hydrogen hydrogen -CH2C(CH3)2CH2
~ hydroxymethyl

hydrogen hydrogen -CH2C(CH3)2CH2
- 2-hydroxyethyl

isopropyl hydrogen -(CH2)2
- methyl

isopropyl hydrogen -(CH2)2- ethyl

isopropyl hydrogen -(CH2)2- n-propyl

isopropyl hydrogen -(CH2)2
- n-butyl
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Ri Ri A Tl
K-2

isopropyl hydrogen -(CH2)2
- ethoxymethyl

isopropyl hydrogen 2-methoxyethyl

isopropyl hydrogen -(CH2)2
- hydroxymethyl

isopropyl hydrogen
//-ITT \-(CH2)2- 2-hydroxyethyl

isopropyl hydrogen -(CH2)3
- methyl

isopropyl hydrogen -(CH2)3- ethyl

isopropyl hydrogen
//ITT \-(CH2)3

- n-propyl

isopropyl hydrogen
//~<TT \-(CH2)3-

1 j T
n-butyl

isopropyl hydrogen -(CH2)3
- ethoxymethyl

isopropyl hydrogen -(CH2)3
- 2-methoxyethyl

isopropyl hydrogen -(CH2)3
- hydroxymethyl

isopropyl hydrogen //~1TT \-(CH2)3- 2-hydroxyethyl

isopropyl hydrogen -(CH2)4
- methyl

isopropyl hydrogen -(CH2)4
- ethyl

isopropyl hydrogen -(CH2)4
- n-propyl

isopropyl hydrogen -(CH2)4
- n-butyl

isopropyl hydrogen //^TT \-(CH2)4
- ethoxymethyl

• i

isopropyl hydrogen
/riTT \-(CH2)4- 2-methoxyethyl

isopropyl hydrogen -(CH2)4
- hydroxymethyl

isopropyl hydrogen -(CH2)4- 2-hydroxyethyl

isopropyl hydrogen /riTT \-(CH2)5- methyl

isopropyl hydrogen -(CH2)5~ etnyl

isopropyl hydrogen
//-ITT \-(CH2)5

- n-propyl
• i
isopropyl hydrogen

//""ITT \-(CH2)5
- n-butyl

isopropyl hydrogen -(CH2)5- ethoxymethyl

isopropyl hydrogen -(CH2)5
- 2-methoxyethyl

isopropyl hydrogen
//-ITT \-(CH2)5

- hydroxymethyl

isopropyl hydrogen
//-ITT \-(CH2)5

- 2-hydroxyethyl

isopropyl hydrogen /ITT /"(//ITT \ /ITT-CH2C(CH3)2CH2- methyl

isopropyl hydrogen -CH2C(CH3)2CH2- ethyl

isopropyl hydrogen /ITT /~1//~1TT \ /ITT-CH2C(CH3j2CH2
- n-propyl

isopropyl hydrogen
/"tTT /—( //~1TT \ /~iTT-CH2C(CH3)2CH2~ n-butyl

isopropyl hydrogen /ITT n/PTJ \ /ITT-CH2C(CH3j2CH2- ethoxymethyl

isopropyl hydrogen
/itt /i //^T_T \ rtTT-CH2C(CH3)2CH2- 2-methoxyethyl

isopropyl hydrogen
/ITT /"1/nTT \ /ITT-CH2C(CH3)2CH2- hydroxymethyl

isopropyl hydrogen
/ITT /i//tTT \ /ITT-CH2C(CH3j2CH2-" 2-hydroxyethyl

-4-1 1

methyl hydrogen -(CH2)2
- methyl

methyl hydrogen //ITT \-(CH2)2
- etnyl

methyl
i jhydrogen

//ITT \-(CH2)2
- n-propyl

methyl hydrogen -(UJbi2;2
- n-Dutyi

methyl hydrogen -(CH2)2
- ethoxymethyl

methyl hydrogen -(CH2)2
- 2-methoxyethyl

methyl hydrogen -(CH2)2
- hydroxymethyl

methyl hydrogen -(CH2)2
- 2-hydroxyethyl

methyl hydrogen -(CH2)3
- methyl
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A 1^2

rnexxiyi nyarogen etnyl
tv» Ix x rlmetnyi Txx r/x"IVX <~r <*^"»xnyarogen n-propyl

metnyi hydrogen n-butyl
m o*f"Tx x t\meiiiyi nyarogen etnox3^metnyi

metnyi nyarogen -(UJtl2)3- 2-methoxyethyl

metnyi Ix T T*~\ -l-\-*Xnyarogen hydroxyrnethyl

metnyi hydrogen -(CJrl2)3- 2-hydroxyethyl

methyl hydrogen methyl

meiiiyi hydrogen etnyl
-*xx s-i-i-l** x rlmetnyi hydrogen /prr \ n-propyl

metnyi hydrogen /prr \
n-butyl

methyl hydrogen -(UH2)4- ethoxymethyl
''X'X f^fc'f*Tx x rlmetnyi hydrogen -(UM2)4- 2-methoxyethyl

metnyi hydrogen hydroxyrnethyl
-txx ^tIx x rlmetnyi hydrogen /pu \

2-hydroxyethyl

metnyi hydrogen methyl
•»xx i-v-r-X^x rlmetnyi hydrogen /pu \

etnyl

mexnyi nyarogen -(L.M2j5- n-propyl
v"vx *aTlxx rlmetnyi nyarogen /PIT \

-(UM2J5- n-butyl
fix £^Tnx rlixLeinyi nyarogen /prr \

-(UH2J5- ethoxymethyl
tn *vt- |x x r1meinyi 1*1x 7/x"tv\msxxnyarogen -^±l2j5- 2-methoxyethyl

metnyi Vxx r/^x*/*x rf"X~ /—\-+~*nyarogen hydroxyrnethyl

meinyi nyarogen 2-hydroxyethyl

meinyi lx x rrx t*i*x rrnyarogen PIT p/pu \ PTJ methyl
meinyi nyarogen PU p/piT \ pu etnyl
*xx /3k"f"T*» x rlmeinyi hydrogen PIT P/PXT \ PXJ n-propyl
^vi arri x rlmetnyi hydrogen prr p/pTT \ pu n-butyl
rn £^tVi x rlmeinyi nyarogen prr p/pu \ pu ethoxymethyl

metnyi hydrogen PU p/pu \ PXJ-C^M2C(C±l3)2Cil2- 2-methoxyethyl
•*xx lxx rlmetnyi Ixx r/x*vx rt-A»xnyarogen PU P/PTT \ PU-(^±l2C(C±l3J2^rl2- hydroxyrnethyl

metnyi nyarogen PU P/PU \ PUT 2-hydroxyethyl

metnyi metnyi /pu \ methyl
meinyi metnyi /pu \ /aflxx r1etnyl
>~vx <^i-T-% x rlmeiiiyi metnyi /pu \ n-propyl

nieinyi -fY~\ o+Tx X 7

1

metnyi /pu \
n-butyl

niciiiyi metnyi -^C±l2j2- ethox5/methyl
•txx h x /Imcmyi txx ^T*K1 x rlmetnyi -^±l2j2- 2-methoxyethyl
Hiemy1 metnyi /pu \ hydroxyrnethyl
XXX Z^tIxX 71metnyi metnyi /po \ 2-hydroxyethyl

TYlf^TTlvlJ.llCLlljf'I l^rj-2J3 tn of" ixx rlinemyi
methyl methyl -(CH2)3- ethyl

methyl methyl -(CH2)3- n-propyl

methyl methyl -(CH2)3- n-butyl

methyl methyl -(CH2)3
- ethoxymethyl

methyl methyl -(CH2)3- 2-methoxyethyl
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Ri Ri
T)

methyl methyl -((JHL2)3
- hydroxymethyl

methyl methyl z-nyaroxyetny1

methyl
• -t i

methyl -(CH2)4- methyl

methyl methyl -(CH2j4- etnyl

methyl methyl -(CEbM- n-propyl

methyl methyl
//-ITT \-(CH2)4

- n-butyl

methyl methyl
//""'TT \-(CH2)4- ethoxymethyl

methyl methyl
//"ITT X-(CH2)4- 2-methoxyethyl

methyl methyl
//ITT \-(CH2)4

- hydroxymethyl

methyl methyl
//HTT \"(CH2)4- 2-hydroxyethyl

methyl methyl
//""^TT "\

methyl

methyl methyl -(CH2)5
- ethyl

methyl methyl
/nTT \-(CH2)5

- n-propyl

methyl methyl
//—HTT N-(CH2)5- n-butyl

methyl methyl
/"ITT \-(CH2)5

- ethoxymethyl

methyl methyl -(CH2)5- 2-methoxyethyl

methyl methyl
//>TT \-(CH2 )5

- hydroxymethyl

methyl methyl
//"ITT \-(CH2)5- 2-hydroxyethyl

methyl methyl methyl

methyl methyl -CH2C(CH3)2CH2
- ethyl

methyl methyl -CH2C(CH3)2CH2
- n-propyl

methyl methyl -CH2C(CH3)2CH2- n-butyl

methyl methyl -CH2C(CH3)2CH2
- ethoxymethyl

methyl methyl -CH2C(CH3)2CH2
- 2-methoxyethyl

methyl methyl -CH2C(CH3)2CH2
- hydroxymethyl

methyl methyl -CH2C(CH3)2CH2
- 2-hydroxyethyl

morpholine -(CH2)2- methyl

morpholine
//HTT \-(CH2)2- ethyl

morpholine -(CH2)2
- n-propyl

morpholine -(CH2)2
- n-butyl

morpholine
//-ITT \-(CH2)2

- ethoxymethyl

morpholine -(CH2)2
- 2-methoxyethyl

morpholine
/nrr \-(CH2)2

- hydroxymethyl

morpholine
//-ITT \-(CH2)2

- 2-hydroxyethyl

morpholine
//-ITT \-(CH2)3

- methyl

morpholine
//-ITT \-(CH2)3- ethyl

morpholine
//-ITT \-(CH2)3~ n-propyl

morpholine -(CH2)3
- n-butyl

morpholine
//-ITT \-(CH2)3

- ethoxymethyl

morpholine -(^±i2 J3- ^-mcLiiuAycuiji

morpholine -(CH2)3- hydroxymethyl

morpholine -(CH2)3- 2-hydroxyethyl

morpholine -(CH2)4
- methyl

morpholine -(CH2)4- ethyl

morpholine -(CH2)4- n-propyl
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Ri Ri'
"XT'?X TP)R2

morpholme -(CH2)4- n-butyl

morpholine -(CBbV ethoxymethyl

morpholine -(CH2)4- 2-methoxyethyl

morpholine
//-NTT \
-(CH2)4- hydroxymethyl

morpholine -(CH2)4- 2-hydroxyethyl

morpholine -(CH2)5- methyl

morpholine -(CH2)5- ethyl

morpholine -(CH2)5
- n-propyl

morpholine -(CH2)5
- n-butyl

morpholine -(CH2)5- ethoxymethyl

morpholine -(CH2)5- 2-methoxyethyl

morpholine -(CH2)5- hydroxymethyl

morpholine -(CH2)5
- 2-hydroxyethyl

morpholine -CH2C(Crl3)2CJnL2- methyl

morpholine -CH2C(CH3)2CH2
- ethyl

morpholine -CH2C(CH3)2CH2- n-propyl

morpholine -CH2C(CH3)2CH2
- n-butyl

morpholine -CH2C(CH3)2CH2
- ethoxymethyl

morpholine -CH2q(CH3)2CH2
- 2-methoxyethyl

CYTOKINE INDUCTION INHUMAN CELLS

Compounds of the invention have been found to modulate cytokine biosynthesis by

inducing the production ofinterferon a and/or tumor necrosis factor a when tested using

the method described below.

An in vitro human blood cell system is used to assess cytokine induction. Activity

is based on the measurement of interferon and tumor necrosis factor (a) (IFN and TNF,

respectively) secreted into culture media as described by Testerman et aL in "Cytokine

Induction by the Immunomodulators hniquimod and S-27609", Journal of Leukocyte

Biology, 58, 365-372 (September, 1995).

Blood Cell Preparation for Culture

Whole blood from healthy human donors is collected by venipuncture into EDTA

vacutainer tubes. Peripheral blood mononuclear cells (PBMC) are separated from whole

blood by density gradient centrifugation using HISTOPAQUE-1 077. Blood is diluted 1 :

1

with Dulbecco's Phosphate Buffered Saline (DPBS) or Hank's Balanced Salts Solution

(HBSS). The PBMC layer is collected and washed twice with DPBS or HBSS and

resuspended at 4 x 10
6
cells/mL in RPMI complete. The PBMC suspension is added to 48
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well flat bottom sterile tissue culture plates (Costar, Cambridge, MA or Becton Dickinson

Labware, Lincoln Park, NJ) containing an equal volume ofRPMI complete media

containing test compound.

Compound Preparation

The compounds are solubilized in dimethyl sulfoxide (DMSO). The DMSO
concentration should not exceed a final concentration of 1% for addition to the culture

wells. The compounds are generally tested at concentrations ranging from 30-0.014 jliM.

Incubation

The solution of test compound is added at 60 \xM to the first well containing RPMI

complete and serial 3 fold dilutions are made in the wells. The PBMC suspension is then

added to the wells in an equal volume, bringing the test compound concentrations to the

desired range (30-0.014 jiM). The final concentration ofPBMC suspension is 2 x 10
6

cells/mL. The plates are covered with sterile plastic lids, mixed gently and then incubated

for 18 to 24 hours at 37°C in a 5% carbon dioxide atmosphere.

Separation

Following incubation the plates are centrifuged for 10 minutes at 1000 rpm

(approximately 200 x g) at 4°C. The cell-free culture supernatant is removed with a sterile

polypropylene pipet and transferred to sterile polypropylene tubes. Samples are

maintained at -30 to -70°C until analysis. The samples are analyzed for interferon (a) by

ELISA and for tumor necrosis factor (a) by ELISA or IGEN Assay.

Interferon (a) and Tumor Necrosis Factor (a) Analysis by ELISA

Interferon (a) concentration is determined by ELISA using a Human Multi-Species

kit from PBL Biomedical Laboratories, New Brunswick, NJ. Results are expressed in

pg/mL.

Tumor necrosis factor (a) (TNF) concentration is determined using ELISA kits

available from Biosource International, Camarillo, CA. Alternately, the TNF

concentration can be determined by ORIGEN M-Series Immunoassay and read on an
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IGEN M-8 analyzer from IGEN International, Gaithersburg, MD. The immunoassay uses

a human TNF capture and detection antibody pair from Biosource International,

Camarillo, CA. Results are expressed in pg/mL.

The complete disclosures of the patents, patent documents, and publications cited

herein are incorporated by reference in their entirety as if each were individually

incorporated. Various modifications and alterations to this invention will become

apparent to those skilled in the art without departing from the scope and spirit ofthis

invention. It should be understood that this invention is not intended to be unduly limited

by the illustrative embodiments and examples set forth herein and that such examples and

embodiments are presented by way of example only with the scope ofthe invention

intended to be limited only by the claims set forth herein as follows.
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WHAT IS CLAIMED IS:

1 . A compound ofthe formula (I)

:

(I)

5 wherein:

X' is selected from the group consisting of -CH(R9)-, -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

Ri and Ri' are independently selected from the group consisting of:

10 hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

15 heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

20 heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

hydroxy,

i alkyl,

haloalkyl,

25 , hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,
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cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2,

A' is selected from the group consisting of -O-, -C(O)-, -CH2
-

5 -S(O)0-2-, -N(R4>,

and -N(Q-R4>S

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-,

-S(0)2-, -C(R6)-N(R8)-W- 5 -S(0)2-N(R8)-, -C(R<0-O-, and -C(R6)-N(OR9)s

W is selected from the group consisting of a bond, -C(0)- ? and -S(0)2-;

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nilro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R<5 is selected from the group consisting of=0 and =S;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

R" is hydrogen or a non-interfering substituent;

RA and Rb are independently selected from the group consisting of:
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hydrogen,

halogen,

alkyl,

alkenyl,

5 alkoxy,

alkylthio, and

-N(R9)2 ;

or RA and RB taken together form either a fused aryl ring that is unsubstituted or

substituted by one or more Ra groups, or a fused 5 to 7 membered saturated ring that is

10 unsubstituted or substituted by one or more Rc groups;

orRA and RB taken together form a fused heteroaryl or 5 to 7 membered saturated

ring, containing one heteroatom selected from the group consisting ofN and S, wherein

the heteroaryl ring is unsubstituted or substituted by one or more Rb groups, and the 5 to 7

membered saturated ring is unsubstituted or substituted by one or more Rc groups;

15 Ra is selected from the group consisting of:

fluoro,

alkyl,

haloalkyl,

alkoxy, and

20 -N(R9)2 ;

Rt, is selected from the group consisting of:

halogen,

hydroxy,

alkyl,

25 alkenyl,

haloalkyl,

alkoxy, and

-N(R9)2 ; and

Rc is selected from the group consisting of:

30 halogen,

hydroxy,

alkyl,

178



WO 2005/066169 PCT/US2004/043447

alkenyl,

haloalkyl,

alkoxy,

alkylthio, and

-N(R9)2 ;

or a pharmaceutical^ acceptable salt thereof.

2. A compound of the formula (la):

wherein:

X 5

is selected from the group consisting of -CH(R9)-, -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O groups;

Ri and Ri' are independently selected from the group consisting of:

hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

hydroxy,
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alkyl,

haloalkyl,

hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2 ,

or Ri and Ri ' can join together to form a ring of the formula:

R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X- R5;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-O-,

-S(O)0-2-,

-S(0)2-N(R8K
-C(R6)-,

-C(R6)-0-,

-0-C(R6)-?

-0-C(0)-0-,

(CH2)b
-^

.
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-N(R8)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

N-Q—

—N-C(Re
)-N-W-

—N— R7—N-Q—

-V-N

10
, and

N-C(R6)~N

D J v Rio

5

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

/-(CH2)a
. ^ ^(CH2)a^

-N-C(R6)
-N-S(0)2 _v-|( \ -f

N-C(Re)-N A
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R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

5 R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3.8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(O)0~2-, and

-N(R4)s

A' is selected from the group consisting of -O-, -C(O)-, -CEb-, -S(0)o-2-3-N(R4)- 5

10 and-N(Q-R4)s

Q is selected from the group consisting of a bond, -C(R6)-, ~C(R<s)-C(R6)-, -S(0)2-,

-C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0, and -C(R6)-N(OR9)-;

V is selected from the group consisting of -C(R6)-, -0-C(R6)-5 -N(R8)-C(R6)-5
and

-S(0)2-;

15 W is selected from the group consisting of a bond, -C(O)-, and -S(O)?-;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Ra and Rb are independently selected from the group consisting of:

hydrogen,

halogen,

20 alkyl,

alkenyl,

alkoxy,

alkylthio, and

-N(R9)2 ;

25 or RA and RB taken together form either a fused aryl ring that is unsubstituted or

substituted by one or more Ra groups, or a fused 5 to 7 membered saturated ring that is

unsubstituted or substituted by one or more Rc groups;

or Ra and Rb taken together form a fused heteroaryl or 5 to 7 membered saturated

ring, containing one heteroatom selected from the group consisting ofN and S, wherein

30 the heteroaryl ring is unsubstituted or substituted by one or more Rb groups, and the 5 to 7

membered saturated ring is unsubstituted or substituted by one or more Rc groups;

Ra is selected from the group consisting of:
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fluoro,

alkyl,

haloalkyl,

alkoxy, and

-N(R9)2 ;

Rb is selected from the group consisting of:

halogen,

hydroxy,

alkyl,

alkenyl,

haloalkyl,

alkoxy, and

-N(R9)2 ; and

Rc is selected from the group consisting of:

halogen,

hydroxy,

alkyl,

alkenyl,

haloalkyl,

alkoxy, ,

alkylthio, and

-N(R9)2 ;

or a pharmaceutical^ acceptable salt thereof.

3 . A compound of the formula (lb):

NH,

lb

wherein:
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X' is selected from the group consisting of-CH(R9)-, -CH(Rc))-alkylene, and

-CH(R9)-alkenylene~; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

Ri and Ri' are independently selected from the group consisting of:

5 hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

10 heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

15 heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:
i

hydroxy,

alkyl,

haloalkyl,

20 hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

25 nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2,

or Ri and Ri
? can join together to form a ring of the formula:

^(CH2)a ^
A"

30 \CH2)b-^ .
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R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-O-,

-S(O)0-2-,

-S(0)2-N(Rs)-,

-C(R6)-,

-C(R6)-0-,

-O-CCRs)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8)-,

-O-C^-NCRg)-,

-C(R6)-N(OR9)-,

-J- N-Q—

'10
, and
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N-C(R6
)-N

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(diallcylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

WCH2)a . .
^(CH2)a -^

-N-CCR^) -N-S(0)2 _V-!4 \ ~h N-C(R6)-N A-n-^w y
—v-n -p ^"6/V ,

V
, W^ >aIld

l^
R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(0)o~2- 3 and

-N(R4)-;

A ?

is selected from the group consisting of -O-, -C(O)-, -CH2
-
? -S(0)o-2-,-N(R4)- 3

and-N(Q-R4)-;

Q is selected from the group consisting of a bond, -C(R6>, -C(R6)~C(R6)- 5 -S(0)2- 9

-C(R6)~N(R8)-W-, -S(0)2-N(R«K -C(R6)-0-, and -C(R6>N(OR9)-;

V is selected from the group consisting of -C(R<$y, -OC^)-, -N(R8)-C(R6)-, and

-S(0)2-;
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W is selected from the group consisting of a bond, -C(O)-, and -S(0)2 -;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Ra> and Rb' are independently selected from the group consisting of:

hydrogen,

halogen,

alkyl,

alkenyl,

alkoxy,

alkylthio, and

-N(R9)2 ;

or a pharmaceutically acceptable salt thereof.

4. A compound of the formula (II)

:

wherein:

X' is selected from the group consisting of -CH(R9)-, -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O groups;

Ri and Ri' are independently selected from the group consisting of:

hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

and

O \

(II)
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heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

hydroxy,

alkyl,

haloalkyl,

hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2,

or Ri and Ri ' can join together to fonn a ring of the formula:

R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, -wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O groups;

Y is selected from the group consisting of:

(CH2)b

-O-,
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-S(O)0-2->

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-0-,

-0-C(R6)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8>,

-C(R6)-N(OR9)-,

N-Q—
P JK10

-N-C(R6)-N"

"7

-w—

—N— R7— hl-Q-

-V-N

10
, and

N-C(RS)-N

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy? hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,
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\

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

-N-C(Re) ~N-S(0)2 _V-((| \ -f
N~C(R

6)-N aV V -W-> and ^ "»J

R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(0)o-2-» and

-N(R4>;

A' is selected from the group consisting of -0-, -C(O)-, -CBb-, -S(0)o-2-,-N(R4)-,

and -N(Q-R4)s

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-, -S(0)2-,

-C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and -C(R6)-N(OR9)-;

V is selected from the group consisting of -C(R6)-, -0-C(R6)-, -N(R8)-C(R6>-, and

-S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2-;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Ra is selected from the group consisting of fluoro, alkyl, haloalkyl, alkoxy, and

-N(R9)2 ; and

n is 0 to 4;

or a pharmaceutical^ acceptable salt thereof.

5 . A compound of the formula (Ha):
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(RJn

(Ha)

wherein:

X' is selected from the group consisting of-CH(R9)-, -CH(R9)-alkylene, and

5 -CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

R2 is selected from the group consisting of:

-R4,

-X-R4,

10 -X-Y-R4, and

-X- R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can he optionally interrupted or terminated with arylene, heteroarylene,

15 or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-o-,

.
-S(O)0-2-,

-S(0)2-N(R8)-,

20 -C(R5)-,

-C(R6)-0-,

-0-C(R6)-,

-0-C(0)-0-,

-N(R8)-Q-,

25 -C(R6)-N(R8)-,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,
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R10

N-Q—
J

-N-C(Re)-N-W-

N— R7—N-Q—

-V-N

^ Rl °
, and

N-C(R6
)-N

D J V R10

5

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

/-(CH2)aN ^(CH2)a^
N

—

C(Rq) -N-S(0)2 _v-r(, \ -f-
N-C(R6)-N A

R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;
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R9 is selected from the group consisting ofhydrogen and alkyl;

R10 is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CH2
-

? -S(0)o-2-> and

-N(R4)-;

Q is selected from the group consisting of a bond, -C(R6)- 5
-C(R6)-C(R6)- ? -S(0)2- 3

-C(R6)-N(R8)-W-, -S(0)2-N(R8K -C(R6)-0-?
and -C(R6)-N(OR9)s

V is selected from the group consisting of -C(R6>, -0-C(R6)- 5 -N(R8)-C(R6K and

-S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2-;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Ra is selected from the group consisting of fluoro, alkyl, haloalkyl, alkoxy, and

-N(R9)2 ; and

n is 0 to 4;

or a pharmaceutical^ acceptable salt thereof.

6. A compound of the formula (III):

X' is selected from the group consisting of -CH(R9)- 5 -CH(R9)-alkylene5 and

-CH(R9)-alkenylenes wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

Rx and Ri' are independently selected from the group consisting of:

hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

NH

(III)

wherein:
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heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

hydroxy,

alkyl,

haloalkyl,

hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2,

or Ri and Ri' can join together to form a ring of the formula:

-R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;

X is selected from the group consisting of alkylene, alkenylene„alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

(CH2)b
-^

.

R2 is selected from the group consisting of:
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Y is selected from the group consisting of:

-O-,

-S(0)o-2-,

-S(0)2-N(R8)-,

-CORe)-,

-C(R6)-0-,

-0-C(R6)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8)-,

-C(R6>N(OR9)-,

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,
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nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

5 R5 is selected from the group consisting of:

-N-C(Re) ~N-S(0)2 _v_,f ^ -L N-C(RB)»N A
C p y C R/ \ J? \ R J \CH2)b

S
Ry 7

, (CH2)b-^
, and

K1
°

, ;

Re is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

10 arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3 _8 alkylene;

A is selected from the group consisting of -O, -C(O)-, -CH2-, -S(0)o-2- 5 and

-N(R4)s

15 A 5

is selected from the group consisting of -O-, -C(O)-, -CH2
-
7 -S(0)o-2"N(R4>- ?

and -N(Q-R4)S

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-, -S(0)2-,

-C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0, and -C(R6)-N(OR9)s

V is selected from the group consisting of -C(R6)-, -OC(R6)-, -N(R8)-C(R6>, and

20 -S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2S

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Rc is selected from the group consisting ofhalogen, hydroxy, alkyl, alkenyl,

haloalkyl, alkoxy, alkylthio, and -N(R9)2 ; and

25 n is 0 to 4;

or a pharmaceutical^ acceptable salt thereof.
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7. A compound selected from the group consisting of formulas (IV, V, VI, and VII):

N

o \

/; N
O \

, and

(V) (VI)

>R2

N o
X'-o / Ri'

O \

Ri

(VII)

wherein:

X' is selected from the group consisting of -CH(R9)-> -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

1 0 one or more -O groups;

Ri and Ri' are independently selected from the group consisting of:

hydrogen,

alkyl,

alkenyl,

15 aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

20 heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

hydroxy,
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alkyl,

haloalkyl,

hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2 ,

or Ri and Ri' can join together to form a ring of the formula:

R2 is selected from the group consisting of:

-Ra,

-X-R4,

-X-Y-R4, and

-X- R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-O-,

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-0-,

-0-C(R6)-,

-0-C(0)-0,
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-N(Rg)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8>,

-C(R6)-N(OR9)-,

N-Q—
p JK10

N-C(R6)-N-W-

—N— R7—N-Q—

^ R7
-^

—V-N
and

R10

N-C(RS
)-N

R J V
Rio

5

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

-N-C(Fy -N-S(0)2 _v-ri ^
N-C(R6)-I^ A

S (CH2 ),
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R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

R8 is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CHfe-, -S(0)o-2- ? and

-N(R4)S

A' is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(0)o-2-,-N(R4)-,

and -N(Q-R4)S

Q is selected from the group consisting of a bond, -C(R6)- ? -C(R6)-C(R6K -S(0)2- 5

-C(R6)-N(R8)-W-, -S(0)2-N(R«)-, -C(R6)-0-, and -C(R6)-N(OR9)-;

V is selected from the group consisting of -C(R6)- ? -0-C(K6)-, -N(Rg)-C(R6)-
?
and

-S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2~;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Rb is selected from the group consisting ofhalogen, hydroxy, alkyl, alkenyl,

haloalkyl. alkoxy, and -N(R9)2; and

mis 0 to 3;

or a pharmaceutical^ acceptable salt thereof.

8. A compound selected from the group consisting of formulas (VIII, IX, X, and XI):
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(VIE) (IX) (X)

5 wherein:

X 9

is selected from the group consisting of -CH(R9)-, -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

Ri and Ri
5
are independently selected from the group consisting of:

10 hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

15 heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

20 heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

hydroxy,

alkyl,

haloalkyl,
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hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2,

or Ri and Ri ' can join together to form a ring of the formula:

R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-CK

-0-C(R6)-,

-0-C(0)-0- 3

-N(R8)-Q-,

-C(R6)-N(R8)-,
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-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

N-Q—
JR

1(

—N-C(Re)-N-W-

R7

-N— R7—N-Q-

and

-V-N

V

N-C(RS
)-N^

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

-N— C(R6) ~N-S(0)2 _v_^, A -L N-C(R6)-N \V W W-^ and W W
Re is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

203



WO 2005/066169 PCT/US2004/043447

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

5 A is selected from the group consisting of -O-, -C(O)-, -CH2-, -8(0)0-2-;, and

-N(R4)S

A' is selected from the group consisting of-0-
? -C(O)-, -CH2-, -S(0)o-2"N(R4)-,

and -N(Q-R4)s

Q is selected from the group consisting of a bond, -C(R6)- ? -C(R6)-C(R6)-? -S(0)2-,

1 0 -C(R6)-N(R8)-W-, -S(0)2-N(R8K -C(R6)-0-, and -C(R6)-N(OR9)s

V is selected from the group consisting of -C(R6)-, -0-C(R6)- 5 -N(R8)-C(R6)-, and

-S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2-;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

15 Rc is selected from the group consisting ofhalogen, hydroxy, alkyl, alkenyl,

haloalkyl, alkoxy, alkylthio, and -N(R9)2 ; and

mis0to3;

or a pharmaceutically acceptable salt thereof.

20 9. The compound or salt of claim 1 or claim 2 wherein RA and RB are independently

selected from the group consisting ofhydrogen and C1-4 alkyl.

10. The compound or salt of claim 3 wherein RA* and RB « are independently selected

from the group consisting ofhydrogen and C1-4 alkyl.

25

1 1 . The compound or salt of claim 7 or claim 8 whereinm is 0.

12. The compound or salt of any one of claims 4, 5, or 6 wherein n is 0.

30 13. The compound or salt of any one ofclaims 1 through 4, 6 through 1 1, or claim 12

as dependent on claim 4 or claim 6, wherein Ri and Ri
5

are independently selected from

the group consisting of:
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hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, heterocyclyl, or

heterocyclylalkylenyl, substituted by one or more substituents selected from the

group consisting of:

hydroxy,

alkyl,

haloalkyl,

hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2 .

14. The compound or salt of claim 13 wherein Ri' is hydrogen or alkyl, and Ri is

selected from the group consisting ofhydrogen, alkyl, aryl, substituted aryl, arylalkylenyl,

substituted arylalkylenyl, and heteroaryl.

1 5 . The compound or salt of claim 1 3 wherein Ri
5

is hydrogen or methyl, and Ri is

selected from the group consisting ofhydrogen, methyl, ethyl, propyl, butyl, cyclohexyl,
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phenyl, 4-methoxyphenyl, benzyl, 4-methoxybenzyl, 2-pyridyl, 3-pyridyl, 4-chlorophenyl,

and 4-fluorophenyl.

16. The compound or salt of claim 1 5 wherein Ri and Ri
7

are both hydrogen.

5

17. The compound or salt of any one of claims 1 through 4, 6 through 1 1, or claim 12

as dependent on claim 4 or claim 6, wherein Ri and Ri ' join together to form a ring of the

formula:

A'

\CH2)b
~^

1 0 wherein A' is selected from the group consisting of -O-, -CH2-, -N(R4>, and -N(Q-R4)-.

18. The compound or salt of claim 1 7 wherein Rx and Ri
5

join together to form a

morpholine ring.

15 19. The compound or salt of any one of claims 2 through 8; claim 9 as dependent on

claim 2; claims 10 through 12; or claims 13 through 18 as dependent on claims 2 through

4, claims 6 through 1 1, or claim 12 as dependent on claim 4 or claim 6; wherein R2 is

selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, hydroxyalkylenyl,

and -X-R4 and -X-Y-R4, wherein X is CM alkyl; Y is -S(O)0-2-, -S(0)2-N(R8)-, -C(R6K
20 -C(R6)-0-, -0-C(R6)-, -0-C(0)-0-, -N(R8)-Q-> -C(R6)-N(R8K -0-C(R6)-N(R8K or

-C(R6)-N(OR9)-; and R4 is alkyl.

20. The compound or salt of claim 19 wherein R2 is selected from the group consisting

ofhydrogen, C1-4 alkyl, Cm alkyl-O-Ci-4 alkylenyl, and HO-C1-3 alkylenyl.

25

21. The compound or salt of claim 20 wherein R2 is selected from the group consisting

ofhydrogen, methyl, ethyl, w-propyl, «-butyl, hydroxymethyl, 2-hydroxyethyl,

ethoxymethyl, and 2-methoxyethyl.

30 22. The compound or salt of any one of claims 1 through 21 wherein X 5
is
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-(CH2)2.4-0-(CH2)2.4-.

23. The compound or salt of any one of claims 1 through 21 wherein X 5

is -(CH2)i-7--

24. The compound or salt of any one of claims 1 through 21 wherein X 5

is

-(CH2)-C(CH3)2-.

25. A pharmaceutical composition comprising a therapeutically effective amount of a

compound or salt of any one of claims 1 through 24 in combination with a

pharmaceutically acceptable carrier.

26. A method ofinducing cytokine biosynthesis in an animal comprising administering

an effective amount of a compound or salt ofany one of claims 1 through 24 or a

pharmaceutical composition of claim 25 to the animal.

27. A method of treating a viral disease in an animal in need thereof comprising

administering a therapeutically effective amount of a compound or salt of any one of

claims 1 through 24 or a pharmaceutical composition of claim 25 to the animal.

28. A method of treating a neoplastic disease in an animal in need thereof comprising

administering a therapeutically effective amount of a compound or salt of any one of

claims 1 through 24 or a pharmaceutical composition of claim 25 to the animal.

29. A compound of the formula (XII):

O

(XII)

wherein:

X' is selected from the group consisting of -CH(R9)- 5 -CH(R9)-alkylene, and
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-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be. optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-o-,

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-0-,

-O-CCRe)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

-L N-Q—
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-V-N

R™
, and

N-C(Re)-N

p J ^ R10

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

WCH2)a . /—x ^(CH2)a -^
-N-C(Re) -N-S(0)2 _v_^ > -L N-C(R6)-N A—IN— r, —V-N . ~f~ -V6/ VV ,

V , VH2)b^,and W W^.
R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

R8 is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CB^-, -S(0)o-2-> and

-NCR4)-;

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-, -S(0)2->

-C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and -C(R6)-N(OR9)s

V is selected from the group consisting of -C(R6>-, -0-C(R6)-, -N(R8)-C(R6)-, and
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-S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2-;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Ra is selected from the group consisting of fluoro, alkyl, haloalkyl, alkoxy, and

-N(R9)2 ; and

n is 0 to 4;

or a pharmaceutical^ acceptable salt thereof.

30. A compound of the formula (XIII)

:

X' is selected from the group consisting of -CH(R9)~ 5 -CH(R9)-alkylene9 and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

Ri and Ri' are independently selected from the group consisting of:

hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

(xm)

wherein:

hydroxy,
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alkyl,

haloalkyl,

hydroxyalkyl,

alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2 ,

or Ri and Ri' can join together to form a ring of the formula:

R2 is selected from the group consisting of:

~R4,

-X-R4,

-X-Y-R4 5
and

-X- R5;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-O-,

-S(O)0-2->

-S(0)2-N(R8)-,

-C(R6K
-C(R6)-0-,

-0-C(R6K
-0-C(0)-0,
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-N(R8)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

N-Q

—

p JK10

-N-CtReJ-N-W-

—N— R7-N-G-

^ R7
-^

—V-N
^ *

1 ° , and

N-C(R6)-N

R J ^ Rio'
MO

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroaxylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroaxylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl., aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

-N-C(R6)
-N-S(0)2 _V-|Q \ -h N-C(R6)-N A
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R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CH2
-
? -S(O)0-2- ? and

-N(R4)-;

A' is selected from the group consisting of -O-, -C(0)- ? -CH2
-
5 -S(O)0-2-,-N(R4)-,

and -N(Q-R4)s

Q is selected from the group consisting of a bond, -C(R6)- 9
-C(R6)-C(R6)-, -S(0)2-,

-C(R6)-N(R8)-W-, -S(0)2-N(R8K -C(R6)-0-, and -C(R6)-N(OR9>;

V is selected from the group consisting of -C(R6>- ? -OC(R6)- ? -N(R8)-C(R6)- ?
and

-S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2-;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Ra is selected from the group consisting of fluoro, alkyl, haloalkyl, alkoxy, and

-N(R9)2; and

n is 0 to 4;

or a pharmaceutical^ acceptable salt thereof.

31. A compound ofthe formula (XIV):

O

(XIV)

wherein:

X5

is selected from the group consisting of -CH(R9)- ? -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

R2 is selected from the group consisting of:
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-R4,

-X-R4,

-X-Y-R4, and

-X- R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-o-,

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6)-,

-C(R6)-0-,

-0-C(R6)-,

-0-C(0)-0-,

-N(Rg)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

_L N-Q—
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N-C(R6)-N
J V. R

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

5 alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

10 heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

-N-CtRe) ^N-S(Q)2 _vH( \ "f
N-C(R6)-N \

R/
9

Rr
9

(CH2)b^
? and

K10 .

15 R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting of hydrogen and alkyl;

20 Rio is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(0)o-2- 3
and

-N(R4)s

Q is selected from the group consisting of a bond, -C(R6K -C(R6)-C(R6)-, -S(0)2-,

-C(R6)-N(Rs)-W-, -S(0)2-N(R8K -C(R6)-0-, and -C(R6)-N(OR9)-;

25 V is selected from the group consisting of-C(R6)-, -0-C(R6)- 3 -N(R8)-C(R6)-, and

-S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2-;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;
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Rb is selected from the group consisting ofhalogen, hydroxy, alkyl, alkenyl,

haloalkyl, alkoxy, and -N(Rp)2; and

mis 0 to 3;

or a pharmaceutical^ acceptable salt thereof.

32. A compound of the formula (XV):

wherein:

X' is selected from the group consisting of-CH(R9K -CH(R9)-alkylene3 and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

R:
and Ri' are independently selected from the group consisting of:

hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

(XV)

hydroxy,

alkyl,

haloalkyl,

hydroxyalkyl,
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alkoxy,

haloalkoxy,

halogen,

cyano,

nitro,

arylsulfonyl,

alkylsulfonyl, and

-N(R9)2 ,

or Ri and can join together to form a ring of the formula:

~\ A'

R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-O-,

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(Rs)-,

-C(R6)-0-,

-O-CCRe)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(Rg)-,

-0-C(R6)-N(R8)-,
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-C(R6)-N(OR9K

—N— R7—N-Q—

—v-

, and

N-C(R6
)"N

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

R6 is selected from the group consisting of=0 and =S;

R7 is C2.7 alkylene;
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R8 is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CH2
-
9 -S(O)0~2- ?

and

A ?
is selected from the group consisting of -O-, -C(O)-, -CH2

-
? -S(0)o-2-,-N(R4)- ?

and -N(Q-R4)S

Q is selected from the group consisting of a bond, -C(R6>, -C(R6)-C(R6)-?
-S(0>2-,

-C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6>0-, and -C(R6)-N(OR9>;

V is selected from the group consisting of -C(R6)-, -O-CCEU)-, -N(R8)-C(R6)-, and

-S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2-;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

Rb is selected from the group consisting ofhalogen, hydroxy, alkyl, alkenyl,

haloalkyl, alkoxy, and -N(R9)2 ; and

m is P to 3;

or a pharmaceutically acceptable salt thereof.

33. A compound of the formula (XVI)

:

X' is selected from the group consisting of-CH(R9>, -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

R2 is selected from the group consisting of:

-N(R4)S

N-N

(XVI)

wherein:

-R4,

-X-R4,
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-X-Y-R4, and

-X-R5 ;

X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

-0-,

-S(O)0-2-,

-S(0)2-N(R8)-,

-C(R6>,

-C(R6)-0-,

-0-C(R6)-,

-0-C(0)-0-,

-N(Rs)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8)-,

-C(R6)-N(OR9)-,

-C N-Q—

io
, and
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R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

5 heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

10 (dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

-N-C(R6)
-N-S(0)2 -V-r(j \ -f N-C(Re)-IJ A

10

-n— otK6;
in —v-n a -r 7 ~^6 '

\

R7 7 ,
(CH2)b-^ 3and

R<5 is selected from the group consisting of=0 and =S;

15 R7 is C2-7 alkylene;

Rs is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;

R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

20 A is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(0)o-2- 5 and

-N(R4)S

Q is selected from the group consisting of a bond, -C(R6>, -C(R6>C(R6)-> -S(0>2- 5

-C(R6)-N(R8)-W-, -S(0)2-N(R8K -C(R6)-0-, and -C(R6)-N(OR9)-;

V is selected from the group consisting of -C(R6)-, -0-C(R<5)-, -N(Rg)-C(R6)-, and

25 -S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2~;

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

and

Ra> and Rb> are independently selected from the group consisting ofhydrogen,

30 halogen, alkyl, alkenyl, alkoxy, alkylthio, and -N(R9>2;
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or a pharmaceutical^ acceptable salt thereof.

34. A compound ofthe formula (XVII):

N-N

(XVII)

wherein:

X' is selected from the group consisting of -CH(R9)-, -CH(R9)-alkylene, and

-CH(R9)-alkenylene-; wherein the alkylene and alkenylene are optionally interrupted with

one or more -O- groups;

Ri and Ri' are independently selected from the group consisting of:

hydrogen,

alkyl,

alkenyl,

aryl,

arylalkylenyl,

heteroaryl,

heteroarylalkylenyl,

heterocyclyl,

heterocyclylalkylenyl, and

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl,

heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents

selected from the group consisting of:

hydroxy,

alkyl,

haloalkyl,

hydroxyalkyl,

alkoxy,
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haloalkoxy,

halogen,

cyano,

nitro,

5 arylsulfonyl,

alkylsulfonyl, and

-N(R9)2,

or Ri and Ri
5 can join together to form a ring of the formula:

A'

\CH2)b
-^ .

10 R2 is selected from the group consisting of:

-R4,

-X-R4,

-X-Y-R4, and

-X-R5 ;

15 X is selected from the group consisting of alkylene, alkenylene, alkynylene,

arylene, heteroarylene, and heterocyclylene, wherein the alkylene, alkenylene, and

alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene,

or heterocyclylene, and optionally interrupted by one or more -O- groups;

Y is selected from the group consisting of:

20 , -O-,

-S(O)0-2-,

-S(0)2-N(R8)-,

-CCRe)-,

-C(R6)-0-,

25 -0-C(Re)-,

-0-C(0)-0-,

-N(R8)-Q-,

-C(R6)-N(R8)-,

-0-C(R6)-N(R8)-,

30 -C(R6)-N(OR9)-,
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R10

N-Q—
J

-N-C(Re)-N-W-

—N— R7—N-Q"

—V-N
V Rl °

, and

R10

N~C(R6)-N

/ V
Rio

R4 is selected from the group consisting ofhydrogen, alkyl, alkenyl, alkynyl, aryl,

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl,

heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl, wherein the alkyl, alkenyl,

alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl,

heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups

can be unsubstituted or substituted by one or more substituents independently selected

from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen,

nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkylenyloxy, heteroaryl,

heteroaryloxy, heteroarylalkylenyloxy, heterocyclyl, amino, alkylamino, dialkylamino,

(dialkylamino)alkylenyloxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl,

oxo;

R5 is selected from the group consisting of:

-N-C(R6 )
-N-S(0)2 -v-^ A

-f
N-C(Re)-N A

R6 is selected from the group consisting of=0 and =S;

R7 is C2-7 alkylene;

R8 is selected from the group consisting ofhydrogen, alkyl, alkoxyalkylenyl, and

arylalkylenyl;
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R9 is selected from the group consisting ofhydrogen and alkyl;

Rio is C3-8 alkylene;

A is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(O)0 -2
-

5 and

-N(R4>;

5 A' is selected from the group consisting of -O-, -C(O)-, -CH2-, -S(0)o-2"N(R4)-,

and

-N(Q-R4)s

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(RoK -S(0)2-,

-C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and -C(R6)-N(OR9)-;

10 V is selected from the group consisting of -C(R6)- ? -0-C(R6>, -N(R8)-C(R6)-, and

-S(0)2-;

W is selected from the group consisting of a bond, -C(O)-, and -S(0)2S

a and b are independently integers from 1 to 6 with the proviso that a + b is < 7;

RA ' and Rb' are independently selected from the group consisting ofhydrogen,

15 halogen, alkyl, alkenyl, alkoxy, alkylthio, and -N(R9)2 ;

or a pharmaceutical^ acceptable salt thereof.
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